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Ik  tbe  Skkate  or  thb  Uottbd  Statbs, 

Feliruary  3, 1881. 
The  fbllowiug  reeolutioa  was  agreed  to  by  the  SeDste,  January  25,  1881,  and  ooo- 
onrred  in  bj  tbe  House  of  Bepreaentativea,  February  3,  1381 : 

Bemlved  by  the  Senate  (the  Soute  o/  Sepreienlatives  amourring),  That  fifteen  tlwusaud 
five  hundred  and  eixtj  copiea  of  the  Report  of  the  Smithsonian  Institution  for  the 
year  1880  be  printed ;  two  thonsaad  five  hundred  oopieaof  which  shall  be  for  the  use 
of  the  Senate,  six  thouaand  and  aixty  copies  for  the  use  of  the  House  of  Bepreeenta- 
tivee,  and  seven  thoosand  copies  foe  the  nae  of  the  Smithsonian  Inetitntion. 
Attest: 

JNO.  C.  BUBCH. 

Setrttary, 
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LETTER 

FROM  THE 

SECRETARY  OF  THE  SMITHSONIAN  INSTITDTIOK, 

ACCOUFAKYIMO 

The  amnual  report  of  (he  Board  of  Regents  of  tkat  Institution  for  the  year 


Jandabt  19, 1881.— Ordered  to  be  printed. 


Smithsonian  Institution, 
Washington,  January  19, 13S1. 
OektIiEMEK:  In  behalf  of  the  Board  of  Begeuts,  I  have  the  honor 
to  sabmit  to  the  Congress  of  the  United  States  the  anuaal  report  of  the 
operations,  expenditures,  and  condition  of  the  Smithsonian  Institution 
for  the  year  1880. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 
Spencee  F.  Baied, 
Secretary  Smithsonian  Institution. 
Hon.  Wm.  a.  Wheelee, 

President  of  the  United  States  Senate,  and 
Hon.  S.  J.  Bansall, 

Speaker  of  the  Some  of  B^resentatives. 
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REPORT  OF  PROFESSOR  BAIRD. 

8BCEETAKY  OF  THE  SMITHSOHIAN  INSTITUTION,  FOE  1830. 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Gentlemen:  I  have  the  honor  to  present  herewith  a  report  of  the 
condition  of  the  Smithsonian  Institution  for  the  year  1880. 

As  heretofore,  in  addition  to  matters  pertaining  strictly  to  the  Smith- 
sonian Institution,  I  shall  give  an  a«coant  of  the  operations  connected 
with  the  National  Museum,  placed  by  Congress  in  charge  of  the  Smith- 
sonian Institution,  as  well  as  of  those  of  the  United  States  Fish  Com- 
mission, of  which  the  present  Secretary  is  the  chief  officer, 

THE  SMITHSONIAN  INSTITUTION. 

ESTEODUCTOET. 

In  the  report  for  1879  the  announcement  was  made  of  an  appropria- 
tion hy  Congress  for  the  purpose  of  constmcting  a  new  building  for  the 
service  of  the  National  Museum,  and  of  the  commencement  and  rapid 
■*pgress  of  the  work  upon  the  same.  I  now  have  the  pleasure  of  stat- 
.^  that  the  work  has  been  in  the  greater  part  completed  during  the 
year  1880,  and  that  a  portion  of  the  building  is  already  occupied  for  its 
legitimate  objects. 

The  details  of  progress  and  completion  will  be  given  in  fnll  in  the 
report  of  the  baildiog  committee  and  of  the  architect,  to  which  I  would 
refer.  It  will  be  sufficient  to  say  here  that  the  work  has  all  been  done 
within  the  estimates,  and  that  it  promises  to  be  even  more  suitable  to 
its  purpose  than  was  anticipated.  All  tJie  requirements  in  regard  t« 
light  and  heat  are  fully  met ;  and  in  this  respect,  and  in  that  of  its  slight 
cost  in  proportion  to  the  space  obtained,  the  building  is  believed  to  have 
no  parallel  in  the  country.  Including  the  building  proper,  the  steam 
heating  apparatus,  the  gas  and  water  fixtures,  and  all  their  accessories, 
the  cost  has  amounted  to  less  than  $3  per  square  foot  of  ground  door, 
and  to  about  6  cents  per  cubic  foot  of  entire  capacity. 

Another  noteworthy  event  of  the  year  has  been  the  election  of  Mr. 
James  A.  Garfield,  one  of  the  Begents  of  the  Institution,  to  the  office  of 
President  of  the  United  States. 
S.  Mis.  31 1 
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3  BEFORT  OF  THE  BECBETABT.  . 

MKBIOEIAX.S. 

Statue  of  Professor  Henry. — ^The  aDnaal  meetiog  of  the  Board  of  Re- 
gents was  held  on  the  17th  of  Janaaiy,  at  which  time  the  usual  reports 
of  the  year  1879  were  presented.  Prior  to  that  date  a  bill  had  been 
introduced  into  the  Senate  by  Mr.  Booth,  a  Begent  of  the  Institution, 
providing  for  the  erection  in  the  gronuds  of  the  Smithsonian  Inatitntion 
of  a  statne  of  Fibfessor  Henry.  This,  in  a  somewhat  modified  form, 
passed  the  Senate  and  House  and  became  a  law  by  the  signatnie  of  the 
President  on  the  Ist  of  June,  1880.* 

The  total  appropriation  was  $15,000,  and  it  was  agreed  that  one-fourth 
should  be  paid  on  the  completion  of  the  design,  one-fourth  on  the  com- 
pletion of  the  model  in  clay,  one-fourth  on  the  completion  in  bronze, 
and  the  remainder  on  the  placing  of  the  statue  in  the  Smithsonian 
grounds. 

Memorial  representatioTis  of  Professor  Henry. — The  Institution  is  in- 
debted to  Mr.  F.  Gutekunst,  of  Philadelphia,  for  copies  of  an  excellent 
phototype  of  the  late  Secretary,  Professor  Henry,  copied  from  a  photo- 
graph taken  by  the  same  artist  during  the  time  of  the  Centennial  Exhibi- 
tion. The  portrait  is  a  mechanical  imprint  of  cabinet  size,  a  close  re- 
production of  the  original  photograph. 

Although  a  partial  account  of  various  portraitures  of  Professor  Henry 
vas  given  in  the  last  annual  report,  it  may  not  be  improper,  with  the 
view  of  making  the  record  more  complete,  to  repeat  those  formerly  men- 
tioned, as  well  as  to  indicate  additional  likenesses. 

Of  original  photographs,  there  are  one  small  front  face  (carte  size)  by 
H.  Dike;  one  profile  head  (cai-te  size)  by  T.  W.  Smillie;  one  small  size, 
fhU-length,  standing,  by  the  same ;  one  Iront  view  of  head  and  bust,  cabi- 
net size,  by  the  same,  and  one,  imperial  size,  by  the  same ;  one,  carte 
size,  and  four  different  views,  cabinet  size,  by  M.  B.  Brady,  of  Wash- 

*  In  view-of  tlie  adjoammeiit  of  the  Boaid  of  Ref^enta  at  the  time  of  the  passage  of 
tiie  ]aw,  it  was  impoasi^le  to  take  any  formal  action  in  the  matter ;  but  in  the  eser- 
oiae  of  i  ta  general  discretion,  the  executive  committee  entered  intu  correspondence  with 
Hr.  Story,  the.ortist  designated  in  the  act  as  the  Bcalptoi,  and  obtained  from  bim  his 
acceptance  of  the  tmst,  and  aome  suf^estions  ae  to  the  design  and  the  general  condi- 
llona  of .osttfing  it  oat. 

As  the  ezecabve  committee  was  doabtfiil  as  to  its  anthovity  to  carry  ont  iUlly  the 
/rovisioDS  of  tbe  proposed  agreement  with  Mr.  Story,  the  members  of  the  Board  were 
«ommautcatad  with  by  letter  and  tbeir  assent  obtained  to  snob  action  as  the  com- 
mittee might  deem  beat  in  the  piemisea. 

It  was  thenef  ore  tbonght  beat  to  make  a  piovieionnl  ratification  of  the  agreement 
■with  Mr.  Story,  the  saseion  of  Congreaa  in  the  beginning  of  December  rendering  it 
pOEsibl'^  to.obtain  the  action  of  the  Board  before  anything  conldbe  done  by  the  acnlp- 
tsr.  A  meeUng  of  the  Board  therefore,  was  held  on  the  8th  day  of  December,  1880, 
and  the  action  of  the  exec  utire  committee  was  approved  and  authority  given  to  carry 
jt  into  effect.  A  dispatch  was  sent  by  Atlantic  cable  to  Mr.  6tory,  and  the  work,  ao- 
eording  to  a  recent  commnnioation  from  Hon.  George  P.  Marsh,  United  Btateii  mini*- 
or  at  Rome,  Mr.  Story's  place  of  residence,  is  progressing  satisfactorily.    . 
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ingtoQ;  two,  cabinet  size,  by  A.  Gardner,  of  Washington;  tbree,  cab- 
inet size,  by  S.  M.  Fassett,  of  Washington ;  and  one  of  cabinet  size  and 
one  of  imperial  size,  both  by  F.  Gnteknnst,  of  Philadelphia. 

Of  crayon  heads  of  life  size,  there  are  one  by  H.  TTlhe,  from  an  oil 
portrait  by  the  same ;  one  by  Mrs.  Fassett,  from  aportrait  by  S.  M.  Faa- 
sett;  one  by  Mrs.  M.  G.  Dayton,  &om  a  photograph  by  Fassett;  one  by 
B.  Beichmann,  from  a  photograph  by  T.  W.  SmilUe;  and  one  by  A.  3. 
Janvier,  teom  a  photograph  by  M.  B.  Biady. 

Of  woodcuts,  one  was  published  in  an  "Acconnt  of  the  Smithsonian. 
Instttation,"  by  W.  J.  Bhees,  Washingttm,  1855 ;  and  one  in  Hamper's 
Weekly  of  Jnue  1, 1878,  accompanying  an  obituary  notice. 

Of  engravings  on  steel,  one  waa  produced  by  L.  L.  Pnnderson,  ii'om 
a  painting  by  Mooney,  and  published  at  Boston  in  the  Annual  of  Sci- 
entific Discovery  for  1862 ;  one  wsb  engraved  by  G.  B.  H^l,  from  a 
photograph,  and  pubUahed  at  Kew  York  in  the  Eclectic  Magazine  for 
March,  1875 ;  one  was  engraved  by  8.  Hollyer,  from  a  photograph,  and 
published  at  New  York,  in  Appletcm's  Annual  Cyclopedia  for  1879; 
and  one  of  amail  size,  vignette,  was  engraved  by  the  Bureau  of  fin- 
graving  and  Printing  of  the  Treasury  Department,  at  Washington,  1880, 
for  publication  in  the  Memorial  volume  ordered  by  Congress. 

Of  oil  paintinga,  of  bust  or  half-length  Ufe  size,  one  was  painted  by  H. 
Ulke,  of  Washington ;  one  was  painted  by  W.  IngalU ;  one  by  Thomas 
Le  Clear,  of  New  York;  and  one  by  Theodore Kaufmann,  of  Washington. 

Of  lusts  in  plaster,  one  of  small  size  was  modeled  by  C.  W.  Burton,  of 
Washington ;  oue  of  Ufe  size  by  Clarke  MiUs,  of  Washington ;  one  of 
life  size  by  Fisk  Mills,  of  Washington ;  and  one  of  life  size  by  Mrs. 
0.  S.  Brooks,  of  New  York. 

In  the  last  report  it  was  stated  that  Congress  had  authorized  the 
printing  in  one  volume  of  the  memorial  services  held  in  honor  of  Pro- 
fessor Henry  in  the  House  of  Bepresentativcs  on  the  16th  of  January, 
1870.  Of  this  volume  a  large  edition  was  ordered ;  and  after  various 
delays,  beyond  the  cimtrolof  the  Institution,  it  will  soon  appear  in  aweU- 
printed  form,  accompanied  by  an  excellent  portrait  engraved  by  the 
Treasnry  Department.  There  has  been  a  great  demand  for  this  work 
&om  all  quarters  of  the  country,  and  copies  of  it  will  be  placed  in  all  - 
the  priudpal  libraries  at  home  and  abroad. 

Smitkson's  Effects, — By  the  6th  section  of  the  organizing  act  of  Con- 
gress of  Augnst,  1846,  it  was  provided  that  "the  minerals,  books,  manu- 
scripts, and  other  property  of  James  Smithson,  which  have  been  received 
by  the  Government  of  the  United  States,  and  toe  now  placed  in  the 
Department  of  State,  shall  be  removed  to  said  Institution,  and  shall  be 
preserved  separate  and  apart  from  other  property  of  the  Listitntion." 

The  books  belonging  to  the  founder  of  the  Institntion  have  been  cata- 
logued and  placed  in  a  handsome  walnat  case  with  plate-glass  front. 
They  consist  of  45  duodecimo,  110  octave^  and  26  qoMto  volumes,  many 
of  them  in  a  worn,  and  a  few  in  a  dilapidated  condit  on. ,  It  has  been 
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thought  proper,  however,  to  leave  them  exactly  as  they  weie  when  foirn* 
ing  the  library  of  Mr.  Smithson. 

Such  of  the  relics  of  Smithson  and  his  family  as  have  come  into  pos* 
aession  of  the  lustitation  have  also  been  appropriately  urangedin  fiames 
saxA  placedon  exibition  in  the  Begents'  room.  They  consist  of  the  fbllow- 
ing  articles : 

1.  An  oil  portrait  of  Smithson  as  an  Oxford  stadent. 

2.  An  oil  x>ortrait  la  miniatnre  of  Smithson,  painted  by  Johns,  at  Aiz- 
la-Chapelle,  in  1816.     ' 

3.  An  oil  portrait  in  miniature  of  Col.  Henry  Louis  Dickinson,  a  half- 
brother  of  James  Smithson. 

4.  The  dinner  invitation  card  of  Smithson. 

5.  His  visiting  card,  used  in  Paris. 

6.  A  copy  of  his  will  in  his  own  handwriting. 

7.  A  manuscript  in  his  handwriting. 

8.  A  commission  from  George  III  to  Major  Heiiuy  Lonis  DicMnsoD, 
as  Lieatenant-Colonel,  dated  1st  Jan.,  1800. 

9.  A  commission  fh>m  the  same  King  to  Lient-Colonel  H.  L.  Dickin- 
son, as  Colonel  of  the  84th  Begt.,  dated  4tb  Aug.,  1808. 

limithaon^s  Tomb. — It  is,  ofGoarse,eminentlypropeTthat the  Smithsonian 
Institution  should  do  all  in  its  power  to  preserve  the  remembrance  of  its 
great  founder,  Mr.  James  Smithson ;  and  an  endeavor  toward  this  end  has 
been  made  by  the  pnblication  of  a  Life  of  Smithson  and  a  reprint  of  all 
bis  works.  In  the  efforts  to  obtain  a  memorial  of  some  kind  of  the  last 
resting  place  of  Mr.  Smithson,  at  Genoa,  in  Italy,  a  photograph  of  the 
tomb  was  obtained  from  Mr.  Hazeltpn,  the  [Jnited  States  consul  in 
that  city,  with  a  statement  of  its  present  condition.  In  accordance 
with  a  snggestiou  &om  him  he  was  authorized  to  put  the  monument 
in  thorough  repair  and  to  arrange  to  have  it  kept  in  good  condition  at 
the  expense  of  the  Institation.  The  monument  is  an  appropriate  and 
anbstantial  one,  and  as  long  as  the  Institntion  is  in  existence  this 
r«ninder  of  its  foonder  shoold  he  carefully  protected. 

mAUaUBAL  EEOEPTION. 
Befereuce  shoiUd  be  made  to  the  granting  of  the  use  of  the  new  Museum 
building  for  the  purpose  of  holding  the  inaugural  reception  in  honor  of 
the  newly-elected  President.  A  petjtiou  to  that  efTeot,  from  a  committee 
€t  citizens  of  Washington,  was  presented  at  a  meeting  of  the  Board  on 
the  8th  of  December,  and  the  following  resolution,  grantingtbe  request, 
was  passed: 

"  Whereas  the  new  Museum  building  is  unfinished  and  not  ready  for 
•ccupancy  of  the  government  collections,  and  whereas  such  a  contin- 
gency will  not  again  occur,  and  no  precedent  is  to  be  given  for  ttie  use 
•f  the  building  for  other  purposes : 

^^Eeaolved,  That  the  use  of  the  new  National  Museum  building  be 
granted  for  the  inaagural  reception  of  the  President  of  the  United 
States,  on  the  4th  of  March,  1881.  and  that  the  Secretary  of  the  Smith- 
sonian Institution  be  authorized  to  make  all  necessary  arrangements 
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SiibBequentlf  application  was  made  to  the  Institution  by  seveial 
other  committees  fbr  the  ase  of  the  bailding  after  the  inaagural  rec^- 
tioQ  OQ  the  4th  of  March.  These  were  all  refused,  although  the  objects 
in  view  were  praiseworthy  in  themselves. 

FINANCES. 

General  Condition. — It  is  believed  that  the  finances  of  the  Institution 
have  never  been  in  amore  favorable  condition  than  they  a^e  at  the  pres- 
ent time.* 

As  the  income  of  the.  Smlthson  fund  is  a  definite  one  and  can  be 
calculated  upon  almost  to  a  cent,  year  by  year,  it  is,  of  course,  practicable 
to  estimate  the  expenditures  with  much  precision.  Nothing  but  some 
calamity,  such  as  the  destruction  or  serious  injury  of  the  building,  is 
likely  to  involve  an  outlay  that  would  seriously  interfere  with  the  general 
programme  for  the  year. 

Under  the  general  limitations  of  the  appropriations  made  by  the 
Boanl  of  Eegeuts,  for  the  different  classes  of  expenditure,  it  is,  of  course, 
a  matter  of  proper  business  management  to  incur  no  liabilities  for  the 
year  beyond  those  that  the  fund  is  able  to  meet;  and  a  strict  adher- 
ence,to  this  rule  has  prevented  any  embarrassment  in  regard  to  pay- 
ments. There  has  been  no  indebtedn«ss  at  the  end  of  the  year  except 
that  for  some  incomplete  publications,  and  for  which  the  necessary  pro- 
vision had  been  made. 

Eeference  has  been  made  in  this  report  to  several  bequests,  by  which 
the  principal  of  the  fund  has  been  increased,  the  first  of  these  being 
that  of  Mr.  James  Hamilton,  of  Carlisle,  which,  amounting  to  $1,COO 
was  added  to  the  principal  of  the  Smithson  fond  in  the  United  States 


Habel  Bequest. — An  account  was  given  in  the  last  report,  of  the 
bequest  of  $402.59  to  the  Smithsonian  Institution  by  Dr.  S.  Habel,  of 
New ,  York.  By  authority  of  the  executive  committee,  the  sum  of 
$97.41  was  appropriated  from  the  annual  income  of  the  Institution  and 
added  to  the  above  in  order  to  make  up  the  amount  of.  $500.  This 
was  then  deposited  in  the  United  States  Treasury  to  the  credit  of  the 
Smithsonian  endowment,  under  the  provisions  of  law. 

The  Habel  bequest  thus  slightly  enlarged  and  added  to  the  Hamilton 
fund  of  $1,000,  making  the  sum  of  $1,500,  will  yield  annaally  at  6.  per 
cent,  an  income  of  $90,  It  is  proposed  to  devote  this  special  income  to 
the  prosecution  of  ethnological  and  archaeological  research. 

The  funds  of  the  Institution  now  in  the  treasury,  according  to  the 
report  of  the  executive  committee,  amount,  with  these  two  bequests,  to 

"The  endowmeat  (cefenod  to  elsenhere)  is  for  the  moab  part  in  the  U.  S.  Treasury, 
'whero  the  prlnclp^  eon  never  be  toacbed,  and  it  yields  an  aimnal  interest  of  sis  pei 
cent.    A  anudl  portion  ia  invested  in  TiigMft  State  BecQimee. 
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9651,500,  leaving  ft  balaaoe  of  $348,500  necessuy  to  make  up  tJie  million 
dollais  aatborized  by  Congress  as  its  perpetual  endowment.  It  is  very 
moch  to  be  hoped  that  some  of  oar  vealtliy  men  may  feel  inclined  to 
oontribute  a  part  or  even  the  whole  of  this  satn,  as  it  is  believed  that 
no  more  desirable  contributioQ  to  science  and  education  conld  be  devised. 
The  machineiy  of  the  Institation  is  extensive  enongh  to  administer  a 
much  larger  amonnt  than  it  at  present  possesses,  so  that  no  part  of  snch 
eontribntion  wonld  be  reqniied  for  salaries,  rent,  or  other  attendant 
expenses.  It  may  safely  be  said  that  the  addition  of  one-half  to  the 
present  fond  would  at  least  double  the  efficiency  of  the  Institation  in 
carrying  oat  its  mission  of  the  "increase  and  diffusion  of  knowledge 
among  men." 

Relation  to  the  National  Museum, — It  is,  of  course,  fiilly  understood 
that  while  the  Smithsonian  Institation  is  supported  fmd  administered 
at  the  expense  of  the  Smithson  endowment,  the  cost  of  carrying  on  the 
yational  Mnsemn  is  necessarily  defrayed  entirely  by  Congressional 
appropriations.  Although  the  estimates  presented  by  the  Institution 
fi<om  time  to  time  as  desirable  for  the  prosecution  of  the  work  have 
sometimes  been  reduced  by  the  Congressional  committees,  there  is  do 
reason  to  complain  of  the  feeling  of  Congress  toward  this  interestj-and  it 
is  eonMently  believed  that  as  the  plans  in  regard  to  the  reorganization 
of  the  Museum  in  the  new  building  axe  carried  out  a  cordial  support 
will  be  extended  in  the  future.  The  appropriations  required  Ibr  the 
maintenance  of  an  establishment  five  times  as  great  as  the  pres^it  one 
must  necessanly  be  largely  increased,  although  not  in  proportion  to  its 
expansion.  It  is  evident  that  to  supply  a  building  covering  two  and  a 
half  acres  of  ground  with  cases  will  require  a  large  expenditure  of  money 
until  tbey  are  completed.  It  is  estimated  that  the  cases  needed  will 
in  a  continuous  hne  extend  a  mile  and  a  half;  and  of  course  several 
years  will  be  required  for  their  proper  construction.  After  this  the  cost 
of  the  Moseain  will  be  essentially  that  of  maintenance  only,  and  be 
reduced  much  below  the  figures  for  the  fiscal  year  of  1881. 

BUILSINOS. 

Smithsonian  Building. — ^I^e  disastrous  fire  which  destroyed  a  large 
portion  of  the  roof  and  upper  story  of  the  Patent  Office  building  in  the 
summer  of  1877,  gave  rise  to  the  formation  of  a  commission  of  govern- 
ment officers,  consisting  oi  Col.  Thomas  L.  Casey,  Mr.  E.  Clark,  and  Mr. 
J.  G-.  Hill,  to  inspect  all  buildings  of  the  government  in  the  city,  and  to 
report  what  measures  might  be  necessary  to  better  secure  them  and 
their  contents  from  injury  by  fire.  The  Smithsonian  building  was  one 
of  those  carefully  examined  by  the  commission,  and  it  was  recommended 
that  iron  dOors  should  be  placed  in  the  passage  ways  between  certain 
rooms.  An  appropriation  of  $3,000  was  subsequently  made  by  Con- 
gress for  this  purpose ;  and  a  contract  for  Its  execution  was  according'ly 
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entered  into  with  Mr.  George  L.  Damon,  of  Boston.  After  consicterable 
delay  in  the  performance  of  this  contract,  the  doors  were  delivered  and 
pnt  in  place  by  Mr,  Damon,  to  the  entire  satisfaction  of  the  executive 
committ^.  This  arrangement  haa  greatly  promoted  the  safety  of  the 
building  siud  its  contents  from  the  risk  of  the  spreading  of  any  fires  which 
might  accidentally  occur  within  its  walls.  A  few  additional  changes 
are  still  desirable  to  give  still  farther  aecnrity  to  the  public  property 
placed  in  the  charge  of  the  Institution. 

For  the  purpose  of  fiieilitating  the  operations  of  the  freight  and  trans- 
portation department  of  the  Institution,  an  elevator  was  constructed  in 
1879,  by  which  packages  could  be  carried  from  the  southeastern  entrance 
of  the  building,  either  to  the  basement  floor  below,  or  to  the  document 
room  above.  During  1880,  the  woric  has  been  completed  by  the  erec- 
tion of  a  very  substantial  platform  outside  of  the  door,  on  which  boxes 
can  be  conveniently  delivered,  or  from  which  they  can  be  shipped. 
From  the  rapidly  increasing  amount  of  transportation  connected  with 
the  natural  history  operations  and  the  scientific  exchanges,  every  facility 
In  the  handllpg  of  packages,  by  economizing  labor,  becomes  an  item 
of  importance. 

For  many  years  a  pump  at  the  sonfbeastem  comer  of  the  Smithsonian 
building  has  furnished  a  supply  of  excellent  water,  esteemed  throughout 
the  neighborhood.  Although  the  introduction  of  the  Potomac  water 
naturally  reduced  considerably  the  demand  upon  this  pump  it  was  still 
constantly  drawn  upon  by  persons  passing  by,  and  was  used  for  supply- 
ing the  water-coolers  in  the  building.  A  chemical  and  microscopic  ex- 
unination  of  the  water  made  during  the  summer  showed  that  it  was  not 
entirely  wholesome,  in  consequence  as  was  thought,  of  the  rotting  of  the 
inner  wooden  lining  of  the  well.  As  a  necessary  step  to  the  improve- 
ment of  the  sanitary  coudition  of  the  water  the  original  liuiog  was 
replaced  by  one  of  brick.  An  iron  pump  was  also  substituted  for  the 
former  woodeu  one.  These  repairs  have  been  satistactorily  completed, 
and  the  water  is  now  restored  to  its  original  quality. 

The  protection  of  the  buildings  in  charge  of  the  Smithsonian  Institu- 
tion and  the  preservation  of  the  property  contained  therein  require,  ttf 
course,  the  vigilance  of  competent  watehmen,  both  day  aud  night. 
One  of  ^ese,  Mr.  T.  S.  Nelligar,  a  night  watchman  in  the  new 
musenm  building,  has  been  made  a  special  policeman  by  the  Board  of 
police. 

The  situation  of  the  Smithsonian  building,  so  fat  to  the  south  of  the 
principal  avenues  of  travel  in  Washington,  renders  it  somewhat  ineon- 
veuient  of  access,  especially  during  inclement  weather.  At  present 
the  nearest  street  railways  are  those  along  Seventh  street  and  along 
Twelfth  street.  The  completion  of  the  new  building  for  the  ac- 
commodation of  the  Bureau"  of  Engraving  and  Printing  of  the 
Treasury  Department,  on  South  B  street  {at  the  corner  of  Fonr- 
teenth  street),  as  also  of  the  new  National  Moseum  buildibg,  on 
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thesame  street  (near  Niatli  street),  occasioDiag  a  large  increase  of  travel 
in  tbat  direction,  induced  the  proprietors  of  tiio  socalled  "Belfline" 
of  railway  to  memorialize  Congresfi  for  permisBion  to  change  the  track  of 
their  road  by  extending  it  down  !Foartoenth  street  to  South  B  street, 
thenoe  along  South  B  street  past  the  entrance  to  the  National  Museum, 
and  thence  south  along  Ninth  street  to  Maryland  avenue,  along  which 
tt  now  passes.  Congress  has  not  yet  taken  any  action  on  this  memorial. 
Should  that  body  authorize  the  proposed  change  of  route  it  will  add 
greatly  to  the  convenience  of  all  who  are  interested  in  that  line  of  travel. 

Armory  Building. — The  Armory  bnilding  is  still  in  use  as  the  deposi- 
tory of  the  Centennial  and  other  collections  belonging  to  the  govern- 
ment. These  articles  will  be  removed  to  the  new  Museum  during  the 
present  year,  but  as  there  is  no  provision  in  this  building  for  storage  of 
boxes,  packing  mat^jrials,  &c.,  a  part  of  the  Armory  will  always  be  re- 
quired for  this  purpose.  It  is  also  contemplated  to  use  one  of  the  halls 
or  stories  of  the  Armory  for  the  storage  of  the  large  amount  of  property 
belonging  to  the  United  States  Fish  Commission,  and  the  lower  floor 
may  perhaps  be  occnpied  by  aquaria,  hatching  apparatus,  &c. 

Zaboraiorg  of  Natural  History. — The  bnilding  erected  as  a  laboratory 
of  natural  history  and  a  photographic  atelier  in  which  to  prepare  speci- 
mens, illustrations,  &c.,  for  the  Centennial  Exhibition  is  still  devoted  to 
similar  uses.  A  large  number  of  photographs  of  fish,  ethnologica,  &c., 
have  been  made  during  the  year  by  the  artist  of  the  Institution,  Mr. 
T.  W.  SmiUie. 

Mr.  Joseph  Palmer  and  his  son  have  continued  in  this  building  the 
preparation  of  plaster  casts  of  fish,  reptiles,  and  antiquities,  and  in 
another  apartment  these  have  been  colored  by  the  artist,  Mr.  A.  Z. 
Shiudler,  the  reproductions  thus  furnished  being  admirable  fac-similes 
of  the  living  or  original  objects,  and  attracting  general  commeudation. 

Another  large  room  occupied  by  Mr.  Henry  Marshall,  the  tasidermist, 
has  mainly  been  devoted  to  the  mounting  of  birds  and  mammals. 

In  the  new  Museum  building  very  commodious  apartments  have  been 
assigned  to  the  photographer  and  other  artists,  a  large  and  well  arranged 
sky-light  has  been  provided,  and  everything  will  be  done  by  the 
Institution  to  secure  the  best  possible  results  with  all  the  apparatus 
aud  appliances  obtainable.  To  obtain  ample  working  rooms  in  case 
of  an  emergency,  however,  the  tanks,  dark-room,  sky-light,  &g.,  in  the 
old  building  will  be  left  undisturbed  so  that  if  necessary  an  extra  force 
of  photographers  may  be  enabled  to  carry  on  their  work, 

BODTIMB  WOBK  OF  THE  INSTITUTION. 

A.dmiaistration. — No  change  has  been  made  in  tiie  ofScers  and  assist- 
ants of  the  Institution  since  the  death  of  the  late  Secretary.  Mr,  Wil- 
liam J.  Bhees,  who  has  been  chief  clerk  since  June,  1853,  still  discharges 
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the  duties  of  executive  officer  with  zeal,  industry,  and  efficiency.  Dur- 
ing the  absence  of  the  Secretary  for  several  months  in  the  year,  when 
on  duty  connected  with  the  United  States  Fish*  Commission,  Mr.  Rhees 
has  been  intrusted  with  the  general  administration  of  the  business  of 
the  Institution ;  having  also  the  charge  of  pubheations,  of  financial  de- 
tails, of  the  purchase  of  supplies,  and  of  the  supervision  of  clerks  and 
employes,  &c  The  operations  connected  with  the  erection  of  the  new 
Museum  building  have  added  greatly  to  the  labors  and  responsibilities 
of  the  chief  clerk,  as  well  as  of  the  other  officers  of  the  Institution. 

The  correspondence  is  in  charge  of  Mr.  Daniel  Leech,  who  has  been 
in  the  Institution  since  1867,  and  who  has  also  acted  as  the  secretary 
of  the  Ifational  Museum  Building  Commission.  In  both  these  relations 
his  duties  have  been  satisfactorily  and  creditably  performed. 

The  division  of  accounts  has  been  in  charge  of  Mr.  Clarence  B.  Young, 
who  entered  the  service  of  the  Institution  in  1870.  To  his  duties  as 
bookkeeper  is  added  that  of  the  charge  of  the  physical  apparatus,  the  re- 
vision of  proof,  mathematical  calculations,  and  other  work  requiring 
skill  as  a  computer,  and  knowledge  of  physics  and  technology 

To  Mr.  Wm.  B.  Taylor  has  been  assigned  the  duty  of  preparing  re- 
plies to  correspondents  involving  scientific  details  in  special  depart- 
ments; and  he  has  also  edited — under  the  direction  of  the  special  com- 
mittee of  the  Board  of  Begents — the  "  Memorial  "Volume"  iu  honor  of 
Professor  Henry. 

The  management  of  the  literary  and  scientific  exchanges  has  been 
intrusted  to  Messrs.  H.  Diebitsch  and  G.  H.  Boehmer.  The  labor  in 
this  department  has  ^owu  to  large  proportions,  and  is  increasiag  with 
every  year. 

The  reception,  entry,  and  transf^  of  books  for  the  library  are  in 
charge  of'Miss  Jane  A.  Turner,  whose  faithful  and  intelligent  services 
have  frequently  been  recognized  by  my  predecessor. 

The  translation  of  French  and  German  letters  and  various  clerical 
duties  have  been  well  performed  by  Mrs.  L.  Stoerzer,  while  the  filing  of 
letters,  indexing,  making  out  receipts  and  orders  for  books,  and  various 
other  duties  have  been  assigned  to  Miss  M.  E.  Griffin,  Miss  H.  de  C. 
Daingerfield,  and  Miss  F.  R.  SchaefiEer,  who  deserve  commendation  for 
their  faithful  services. 

It  is  also  proper  to  mention  the  fidelity  and  efficiency  in  the  subordi- 
nate duties  assigned  them  of  Messrs.  Henry  Gass  and  John  S.  Pollock, 
Mr.  Solomon  G.  Brown,  in  charge  of  the  transportation  department, 
has  discharged  his  duties  satisfactorily. 

Correspondence, — ^A  most  important  branch  of  Smithsonian  opera- 
tions is  that  of  correspondence,  which  expands  firom  year  to  year  in  the 
direct  ratio  of  the  ever  widening  iniluence  and  increasing  activity  of 
the  establishment.  The  principal  consideration,  however,  in  this  de- 
partment, is  not  the  amount  bnt  the  contmuity  of  the  labor  involved,  ' 
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educe  the  roles  of  the  Institution,  while  they  insure  a  respectful  reply 
to  all  commnaicatJOQS  demanding  an  answer,  also  require  that  each 
day's  mail  shall  he  attended  to  on  the  day  of  its  receipt,  excepting  where 
immediate  action  is  impractica.hle.  In  other  dep^ment«  of  the  Insti- 
tntion,  as,  for  instance,  that  of  publications,  operations  heing  more  or 
less  dependent  upon  oatside  agencies,  there  is  sometimes  a  temporary 
respite ;  but  in  the  department  of  correspondence  this  is  absolutely  im- 
possible. 

As  during  the  past  three  years,  so  during  1880,  the  number  of  com- 
munications has  been  very  great  in  regard  to  anthropology,  uamral 
history,  mineralogy,  exchangee,  emploj-ment,  and  pubhcations.  In  re- 
gard to  the  first  of  thesetheimmediatecause  has  been  the  anprecedented 
int*irest  awakened  m  the  subject  of  anthroi*)logy  by  the  Smithsonian 
circular  to  which  attention  was  called  in  the  report  of  the  Secretary 
for  1878. 

As  the  near  completion  and  occupation  of  the  new  bnilding  for  the 
^rational  Musenm  has  become  generally  known,  hondreds  of  colleges, 
as  well  as  proprietors  aS  private  collections,  aware  that  the  Institution 
has  only  awaited  the  room  requisite  for  the  collation  of  its  vast  stores 
of  specimens  of  natural  history  and  the  elimination  of  the  dopUcates 
previous  to  the  distribution  of  the  latter,  have  hastened  to  apply 
for  a;  share  in  this  material,  the  applications  in  almost  every  instance 
necessitating  answer  by  reason  of  inquiries  for  information  upon  points 
not  covered  by  any  of  the  many  printed  circulars  of  the  Institution. 

In  mineralogy  the  number  of  applicants  for  information  has  largely 
increased  during  the  past  year.  Supposed  discoveues  of  mineral  wealth 
still  continue  to  be  reported  to  the  Institution,  and  specimens  are  for* 
warded  for  examination.  Qoalitative  determinations  only,  however,  are 
made  gratuitously  for  individuals  or  for  private  or  commercial  purposes; 
but  these  generally  sufSce.  In  making  known  the  results  of  mineral 
examinations  the  mineralogist  presents  his  reports  to  the  Secretary,  on 
blanks  prepared  for  the  purpose.  If  approved  the  substance  of  his  re- 
port is  communicated  by  letter  to  the  party  submitting  the  specimens. 

The  increased  activity  in  the  department  of  exchanges  has  not  only 
continued,  bat  this  source  of  cottespondence  has  during  the  i>a8t  year 
proved  far  more  productive  of  communications  than  was  anticipated; 
and  while  the  increase  in  the  number  of  these  has  been  marked,  in  very 
many  instances  then:  nature  has  been  such  as  to  call  for  a  general  review 
of  the  entire  subjectof  exchanges,  thus  giving  to  the  replies,  on  the  part 
of  the  Institution,  the  character  more  of  memoirs  than  of  letters.  This 
feature  of  a  large  part  of  the  exchange  correspondence  grew  out  of  the 
action  of  the  Paris  Geographical  Congress  of  1876,  in  recommending  to 
the  nations  of  the  world  the  establishment  of  a  system  for  the  inter- 
change of  the  ofi&oial  docnmeuts  of  their  respective  governments,  which 
recommendation  has  recently  been  favorably  acted  upon  by  a  number 
of  governments,  including  the  United  States,  which  has  designated  the 
Smithsonian  Institution  as  its  agent  in  l^e  premises.    ',d«.)CH;^lc 
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With  reference  to  applicatioDs  for  employment,  it  may  be  said  tliat 
while  in  no  single  year  of  its  history  conld  the  InstitntioD  claim  en- 
tire exemption  &om  the  receipt  of  tiiis. class  of  commnnications,  the 
year  1880  marks  an  epoch  in  this  respect  as  being  the  period  in  which 
the  mazimam  number  haa  claimed  attentioD.  Indeed,  it  is  far  from  an 
exaggeration  to  say  that  written  and  oral  applications  of  this  kind 
have  averaged  half  a  dozen  a  day.  As  a  majority  of  those  in  writing 
are  in  the  nature  of  requests  throagh  members  of  Congress,  or  other 
persons  of  prominence,  a  double  answer  frequently  becomes  necessary, 
one  to  the  applicant  and  a  second  to  the  party  throagh  whom  the  claim 
is  presented,  the  latter  generally  necessitating  a  detailed  explanation 
rf  the  cause  for  the  refiisal, 

Lastly,  an  important  part  of  the  correspondence  consists  in  the  con- 
stantly increasing  demands  for  the  Smithsonian  publications.  With 
the  increase  of  popular  education  throaghout  the  land,  and  the  springing 
np  of  new  villages  or  towns,  new  public  libraries  and  scientific  societies 
are  started,  and  very  soon  an  application  is  made  to  the  Smithsonian 
Institution  for  its  publications.  Applications  of  this  kind  are  required 
to  be  entered  on  printed  forms,  and  forwarded  through  the  member  of 
Congress  representing  the  district  in  which  the  establishment  is  located, 
the  member  thus  becoming  sponsor  for  the  library  or  society,  so  1^ 
as  its  existence  and  standing  are  concerned. 

The  requests  from  individuals  for  publications,  however,  are  not  in- 
frequently difScult  to  deal  with.  In  a  country  where  all  are  equal  it 
is  sometimes  difBsnlt  to  satisfoctorily  explain  why  each  individual 
cannot  receive  this  or  that  publication  gratis.  It  is  often  useless  to 
state  that  the  publications  of  the  Institution  are  issued  at  the  expense 
of  its  oum  flind,  and  not  at  that  of  the  general  government;  that  this 
ftind  is  so  limited  as  to  forbid  the  issuing  of  more  than  a  comparatively 
•  small  number  of  copies;  that  with  these  both  hemispheres  must  be 
suppUed;  that  they  are  distributed  &ee  of  expense  to  public  libraries 
and  colleges  throughout  the  coantry  on  condition  that  they  shall  be 
accessible  at  all  times  to  any  who  may  desire  to  consnlt  them ;  that 
to  individuals,  other  than  specialists  and  contributors  of  material  for 
the  national  collections,  they  are  sold  at  abont  the  cost  of  paper  and 
printing;  or,  that  the  desired  memoiy,  or  memoirs,  will  be  cheerfully 
farnished  in  return  for  desirable  objects  for  the  ^National  Museum.  It 
might  reasonably  be  supposed  that  a  statement  of  this  character  would 
prove  satist^tory ;  but,  unfortunately,  this  has  not  been  our  experience, 
Boeh  a  result  being  the  exception,  not  the  rule,  and  shortly  the  demand 
is  renewed  through  the  member  of  Congress  fh)m  the  district  in  which 
the  applicant  resides. 

ASTBONOMIOAL  ANMOOTfOESIBHXS  BY  TEI^GBAPH. 

The  existing  arrangements  for  disseminating  telegraphic  annoance- 
ments  of  astronomical  discoveries,  particularly  between  America  and 
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Europe,  were  set  forth  in  the  last  report  Thia  Iiistitation  is  the  center 
of  diffneion  throughont  our  own  country,  of  astronomical  announce- 
ments received  by  telegraph  from  foreign  conntries,  and  in  like  manner 
acts  as  the  medium  of  commuoication  of  American  discoveries  tlirough 
Atlantic  cables  te  the  European  observatories  of  Greenwich,  Paris, 
Berlin,  Vienna,  and  Pulkova;  from  which  points  the  information  is 
spread  throughout  their  respective  countries.  Through  the  courtesy  of 
various  telegraph  companies,  the  information  received  from  abroad  is 
transmitted  to  the  principal  observatories  (some  seventeen  in  number) 
throughout  the  United  States,  and  also  to  the  "  Associated  Press,"  free  of 
charge.  This  generous  concession  to  the  urgent  needs  of  astronomical 
research  and  progress  is  so  valuable  a  boon  to  science  that  it  should 
annually  receive  a  grateful  and  public  acknowledgment.  The  com- 
panies to  whose  liberality  we  are  thus  indebted  are:  The  Atlantic  Cable 
Company,  The  United  States  Cable  Company,  The  Pacific  Cable  Com- 
pany, The  Western  Union  Telegraph  Company.  To  these  must  be 
added  the  Northwestern  Telegraph  Company,  which  gives  gratuitous 
transmission  of  astronomical  telegrams  to  N'orthfield,  Minn. 

Prof.  B.  A.  Gould,  the  eminent  superintendent  of  the  observatory  of  Cor- 
doba, of  the  Argentine  Bepnblic,  when  making  a  visi  t  lately  to  the  United 
States  on  his  way  to  Europe,  bad  some  conference  with  several  leading 
astronomers  respecting  certain  proposed  improvements  in  the  exchange 
of  telegrams,  and  of  the  character  of  the  abbreviations  to  be  employed. 
These  suggestions,  presented  to  the  Institution,  were  by  it  embodied  in 
a  circular,  which  was  referred  to  the  directors  ot  the  different  observa- 
tories scattered  over  our  country  soliciting  their  opinion  as  to  the 
desirability  of  the  changes  proposed.  Dr.  C.  H.  F.  Peters,  of  the 
observatory  at  Clinton,  N.  Y.,  to  whom  the  original  suggestion  of  tele- 
graphic announcement  is  mainly  due,  was  particularly  desired  to  give 
the  subject  Ijis  consideration.  When  the  various  responses  to  these  cir- , 
culars  of  inquiry  are  received,  it  1h  intended  to  have  them  carefully  con- 
sidered by  a  commission  of  astronomers,  and  the  formulas  which  appear 
to  meet  the  general  approval  will  be  finally  adopted  as  the  uniform  and 
permanent  method  of  designation. 

The  annooncements  of  astronomical  discoveries  made  during  the  past 
year  are  as  follows ; 

Lift  of  minor  planeta  dieoovered  in  1880. 


.. 

^^ 

Date. 

Disooveror. 

Discov- 
erer's No, 

ObaerratDiy. 

Feb.     6 
Feb.    17 
Mar.     1 
Apr.     7 
Apr.    10 
Aug.   30 
Sept.     4 
Sept,  30 

25tli. 

4lBt. 

26tb 

2Dd. 

36tb. 
4th. 
27th. 
27th. 

215 

f^<^o 

Knorre 

Palis* 1.. 

^^fi".::::-: 

Berlin. 
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List  of  eomets  obaerted  in  1880. 


Ko. 

Name. 

Date. 

Discoverer.   - 

Diacov- 

erer'sNo. 

Observatory. 

Comet  I 

Comet  II 

Faye's  comet  — 

Comet  IV 

Comet  (1969,  III). 
Comet  V 

Feb.     1 
Apr.     6 

Aug.     2 
Sept.  29 
Oct.     10 
Dec.     .. 

Cape  Town,  Afiica. 

J.  M.  Scbffiberle 

EaKng,  Epgland. 

Strasaburg. 

Warner  Obserratory. 

An  arrangement  in  regard  to  the  exchange  of  telegrams  of  astro- 
nomical discoveries  was  proposed  by  Lord  Lindsay  in  connection  with 
Uie  working  of  his  private  observatory  of  Dnn  Echt,  in  Scotland,  and 
the  Institntion  was  invited  to  exchange  therewith  telegraphic  commn- 
aioations  in  regard  to  the  discovery  of  comets  and  asteroids.  After 
fiirther  conference  with  the  director  in  charge  of  the  observatory  of 
Greenwich  it  was  concluded  that  dispatches  sent  to  the  latter  would 
answer  all  the  purposes  by  simply  providing  for  the  prompt  repetition 
of  these  dispatches  from  Greenwich  to  Dnn  Eoht 

SXCHANGBS. 

Intennational  Exchanges. — Theaystem  of  intOTnational  exchanges  which 
has  been  successfully  prosecnted  for  thirty  years  may  be  regarded  as 
havirfg  been  inangurated  by  this  Institution.  A  method  of  exchange 
had  indeed  been  carried  on  for  some  years  previously  by  Mr.  Alexander 
Vattemare,  of  Paris,  France,  but  on  essentially  different  principles.  Mr. 
Vattemare's  plan  consisted  in  obtaining  duplicate  volomes  and  contri- 
butioQS  from  boohsellers,  literary  and  scientific  societies,  public  libraries, 
and  other  sources,  and  then  from  the  collected  maas  making  to  his 
various  contributors  returns,  at  hia  own  discretion,  of  what  appeared  to 
him  a  fair  equivalent,  Such  a  method  of  course  presupposed  a  great 
familiarity  with  the  actual  possessions  of  the  various  bodies  in  corres- 
pondence, as  well  as  of  their  needs ;  and  while  undoubtedly  beneflcial  in 
some  cases,  was  likely  to  be  entirely  unsuccessful  in  others. 

The  Smithsonian  system  consists  substantially  in  offering  to  cor- 
respondents a  safe  and  gratuitous  channel  of  intercommnnication,  each 
being  responsible  to  the  other  for  the  amount  and  character  or  value  of 
the  packages  interchanged,  the  Institution  assuming,  between  them, 
only  the  relation  or  function  of  carrier.  It  naturally  happens,  however, 
not  unfrequently,  that  the  Institution  is  requested  to  designate  suitable 
parties  to  whom  publications  of  a,  particular  character  should  be  sent. 
Such  a  request  is  responded  to,  either  by  famishing  snch  lists  of  names 
or  societies  as  may  be  supposed  to  be  desirable,  or  by  undertaking  the 
actual  assignment  of  such  works  as  are  submitted  to  its  discretion,  dur- 
ing the  process  of  making  up  its  own  packages. 
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AtteDtion  liaa  frequently  been  called  in  previotu  reports  to  the  steadily 
increasing  expense  attending  tliis  syatem  of  intemation^  exchanges. 
The  cost  of  prosecuting  variona  researches  and  investigationB  and  the 
general  expenses  of  the  liistitntion  being  provided  for,  the  residue  of 
the  income  baa  nsnally  been  divided  between  the  department  of  pablica- 
tioiis  and  t^at  of  international  exchanges.  So  long  as  the  latter  interest 
required  the  expenditnre  of  bat  a  tew  thoasand  dollars,  a  considerable 
amount  vaa  available  for  the  former,  and  the  Institntion  vas  thns  in  a 
condition  to  publish  many  import^at  memoirs;  bnt  of  late  years  the 
cost  of  majntaining  the  exchange  system  has  increased  at  so  rapid  a 
late  (the  expense  for  1879  and  18S0  having  reached  nearly  $10,000  each 
year)  that  only  an  inadequate  and  continually  decreasing  balance  is 
available  for  the  very  important  department  of  publication  of  original 
contributions  to  knowledge. 

The  official  designation  of  the  Smithsonian  Institution  by  the  State 
Deportment,  as  the  American  agent  of  intemationtd  exchange  has 
naturally,  with  the  rapid  eztensloa  of  its  operations,  also  added  con- 
^derably  to  the  burden  of  expense. 

In  view  of  these  circumstances,  a  communication  was  addressed  to 
the  honorable  Secretary  of  State,  some  months  ago,  by  the  Secretary  .of 
the  Institution,  asking  that  an  applieation  be  made  to  Congress  for  a 
special  appropriation  toward  de&aying  the  expenses  of  international 
exchanges,  to  be  disbursed  under  the  direction  of  the  State  Depai^ent. 
This  f^vor  has  been  promised,  and  it  is  hoped  that  the  desired  felief 
will  be  granted. 

As  a  result  of  the  convention  already  referred  to  as  held  in  Paris  a 
few  years  ago,  for  promoting  international  exchanges  between  the  vari> 
OUB  governments  of  the  world,  the  interest  and  exertions  in  this  direc- 
tion are  slowly  extending.  In  addition  to  the  commissions  and  bureaus 
of  Belgium,  France,  Holland,  and  the  Confederacy  of  Switzerland,  men- 
tioned in  the  last  report  as  co-operating  with  the  United  States  govern- 
ment, the  Government  of  Brazil  haa  since  been-  included  in  the  move- 
ment, and  arrangements  between  it  and  the  Institution  have  been  sat- 
isfhctorily  adopted.  A  disposition  to  co-operate  in  this  work  has  also 
been  expressed  by  tiie  Governments  of  Bussia  and  of  Italy,  bnt  no  defi- 
nite arrangements  have  as  yet  been  concluded  by  them. 

The  interchange  of  scientific  publications  between  the  United  States 
and  Cuba  has  for  a  number  of  years  been  .effected  through  the  agency 
of  Prof.  Felipe  Poey,  of  the  University  of  Havana ;  and  to  that  emi- 
nent naturalist,  for  both  the  extent  and  the  efficiency  of  his  labors, 
this  Institntion  is  greatly  indebted.  As  the  packages  transmitted  have 
been  addressed  to  Professor  Poey,  questions  have  constantly  arisen  as  to 
the  duties  charged  to  the  Institution,  in  addition  to  the  other  cost  of  the . 
enterprise.  As  it  was  thought  unjust thattheSmithsonian  fund  should 
be  taxed  with  the  entire  expenses  of  this  interchange,  in  both  directions, 
while  the  mfun  benefits  of  the  transactaons  wexe  experienced  by  Cuba, 
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the  subject  was  referred  to  hia  excelleDcy  SeSor  Don  Felipe  Meodez  de 
Vigo,  minister  from  Spain ;  throngh  whose  courteous  efforts,  a  very  sat- 
isfactory arrangemeDt  baa  been  effected,  whereby  the  goveruor-general 
of  Gaba,  in  his  official  capacity,  takes  charge  of  our  packages  and  de- 
livers them  to  the  University  of  Havana  for  distribution  to  their  re- 
spective addresses.  This  arrangement  constitutes  in  effect  an  additional 
link  in  the  chaiu  of  international  govern  ment  agencies  already  referred  to. 

The  total  number  of  establishments  outside  of  the  United  States  with 
which  correspondence  and  exchange  have  been  conducted  amounts  to 
2,602~an  increase  of  about  120  over  the  list  of  1879.  The  number  of 
packages  received  from  Europe  for  distribution  in  the  United  States 
during  the  past  year  amounted  to  6,670 ;  the  number  of  packages  from 
the  United  States  received  for  transmission  abroad  has  amounted  to 
14,175 }  making  an  aggregate  of  20,845  packages. 

The  parcels  received  from  Europe  for  distribution  in  America  are  gen- 
erally forwarded  to  their  respective  destinations  in  smaller  bundles,  or 
in  paper  wrappers.  The  parcels  received  tbr .  transmission  to  foreign 
countries  are  carefiiUy  packed  in  boxes.  Of  these,  there  were  shipped 
daring  the  past  year  268;  occupying  a  bulk  of  3,976  cubic  feet,  and  -' 
weighing  60,300  pounds. 

As  heretofore,  the  Institution  is  greatly  indebted  to  the  lines  of  ocean 
steamers  between  the  United  States  and  other  countries  of  the  world  j 
and  gratefiil  acknowledgment  is  due  particularly  to  the  agents  of  the 
following  companies  for  the  continuation  of  their  important  favors  in 
the  firee  transmission  of  Smithsonian  packages :  Anchor  Steamship  Com- 
pany, Atlas  Steamship  Company,  Gompagnie  O^n^rale  Transatlantique, 
Ounard  Steamship  Gompany,  Hamburg  American  Packet  Oompasy, 
Ionian  Steamship  Company,  Merchanta'  Line  of  Steamers,  !!?etherlands 
American  Steam  Navigation  Gompany,  Kew  York  sod  Brazil  Steamship 
Company,. New  York  and  Mexico  Steamship  Gompany,  Nortb  German 
Lloyds  Steamship  Gompany,  PacitLo  Mail  Steamship  Company,  Pacific 
Steam  Navigation  Company,  Panama  Kailroad  Company,  Steamship 
Lines  for  Brazil,  Texas,  Florida,  and  Nassan,  N.  P.,  White  Cross  Line 
of  Antwerp. 

The  railroad  comptukies  conneotiag  Washington  and  Baltimore  and 
New  York  have  also  continued  their  favor  of  specaal  rates  of  charges  for 
ireight.  These  are  the  Peoosylvania  Bailroad,  the  Baltim<n:e  and  Ohio 
Baiiroad,  and  the  Baltimore  and  Potomac  Baihroad. 

Acknowledgments  are  also  due  to  the  foreign  ministers  and  consuls 
of  the  various  governments,  for  their  assistance  in  taking  chai^  of  the 
packages  intended  for  the  connbies  which  they  respectively  represent, 
and  transmitting  them  with  care  to  their  destinaticm. 

In  connection  with  the  establishment  of  definite  relations  between 
this  Institntioo  and  the  French  commission  of  intemationil  exchanges 
(a  branch  of  the  department  of  the  ministry  of  public  instraction),  the 
French  Transatiantio  Steamsfaip  Ccmtpany  has,  thioagh  its  agent,  M. 
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Louis  de  Bebinn,  very  generoosly  agreed  to  carry  the  packages  of  ex- 
change both  ways  free  of  charge,  thus  lelieviDg  parties  on  either  side 
from  a  considerable  borden,  and  greatly  facilitating  these  operations. 

StaUitiet  oftuvkangm  during  (he  lost  ten  yean. 
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Foi  borne  diBtribotion : 6,(T70 

For  diBtribntioq  abroad 14,175 

Total 20,845 

Oovm^ment  Doeument  Exchange. — In  addition  to  its  general  iiuiction  of 
intermediary  between  the  institutions  of  the  Kew  World  and  the  Old, 
the  Smithsonian  Institution  has  been  for  some  years  the  agent  of  the  gov- 
ernment for  the  exchange  of  public  documents  and  other  ofBcta!  pubU. 
cations,  in  the  interest  of  the  Library  of  Congress,' and  nnder  the  provi- 
sions of  law.  By  a«t  of  Congress,  fifty  copies  of  all  publications  of  the 
United  States  Government,  whether  ordered  for  the  use  of  Congress  or 
of  the  departments,  are  available  for  distribution,  under  the  direction 
of  the  Joint  Library  Committee  of  the  two  Houses  of  Congress,  to  such 
foreign  gOTemmenta  as  agree  to  make  a  corresponding  return.  These 
returns,  when  received,  are  forwarded  directly  to  the  Library  of  Oon- 

*Iii  addition  to  the  above  there  aie  86  boxes  readj  for  and  awaiting  ehipment  to 
Italy. 
tA  detailed  Uit  vrUlbe  finmd  in  the  tobka  of  BtMiatiM. 
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gress,  iritbont  being  entered  on  the  records  of  this  Institction.  A 
detailed  report  in  an  appendix,  gives  all  the  information  poeaessed  an- 
der  this  head,  including  the  aggregate  of  such  distribution,  the  agencies 
throngh  which  it  has  been  effected,  and  the  parties  interested  in  the 
exchange. 

Lift  of  govemmenta  in  exchange  tcith  the  Qovemment  of  the  United  States, 
and  to  whom  box  "2P"  was  sent  in  1880.* 


Argentina  CoofederatiOD. 

■WUrtwnberg, 

Qneensland. 

Bavaria. 

Hayti. 

Saxony. 

Japan. 

Spain. 

Brazil. 

Mesieo. 

Sweden. 

Boenos  Afiea. 

NetlierlandB. 

Switzerland. 

Canada. 

New  SoutU  WftlM. 

South  Anstralia 

Chile. 

New  Zealand. 

Tasmania. 

Denmark. 

Norway, 

Turkey. 

Franee. 

Ontario  (Canada). 

Venezuela. 

Germanr. 

PortngaL 

Victoria. 

Gteoce. 

Prossift. 

DISTBIBUTION. 

Distribution  of  Publications. — One  of  the  operations  of  the  Institution 
requiring  constant  attention  and  involving  much  labor  and  expense  is 
that  of  distribution  of  publications.  Aside  from  the  sending  of  books 
and  parcels  through  the  great  international  exchange  system  there  is  a 
constant  demand  upon  the  iustitntion  for  works  it  has  pnbUshed  or  those 
of  a  scientific  character  snpposed  to  be  at  its  disposal.  These  demands 
have  become  so  nnmerous  and  are  made  by  so  many  persons  unknown  to 
the  ofBcers,  whUe  the  enpply  of  books  is  so  limited,  that  it  became  neces- 
sary to  adopt  a  new  rule  in  reference  to  distribution.  Sach  applicant 
is  now  required  to  faniisb  evidence  that  he  has  contributed  in  some 
way  to  the  Ubraiy,  mnsenm,  or  collections  of  the  Institution,  and  an  ex- 
change is  thus  established,  intended  to  supersede  the  former  promiscu- 
ous method  of  bestowing  a  gift.  It  may  be  mentioned  that  latterly  no 
lists  have  been  kept  of  persons  entitled  to  receive  from  year  to  year  the 
publications  or  even  the  reports  of  the  Institution.  It  is  necessary  that 
direct  application  be  made  by  each  person  for  any  work  desired. 

JHatribution  of  Specimens.— Jn  view  of  the  imm^ise  mass  of  material 
received  at  the  I^ational  Mnsenm  from  the  various  government  expedi- 
tions and  the  geological  survey,  as  well  as  from  the  contributions  of  cor- 
respondents, it  will  be  readily  understood  that  the  duplicates  have  ac- 
cnmulated  very  rapidly  for  many  years  and  that  the  proper  disposal  ol 
this  surplus  has  occupied  the  attention  of  the  Smithsonian  Institution, 

Under  the  organic  law  the  Institution  is  authorized  to  increase  the 
collections  of  the  National  Museum  by  the  exchange  of  dupUcate  speci- 

*  For  the  QoTemment  of  Italy  13  boxes  (A  N)  are  ready  for  ahipmenL 
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mona ;  but  only  a  small  amonnt  is  conveDJently  disposed  of  iii  tliis  man- 
ner, and  by  far  the  greater  proportion  is  issued  without  any  expecta- 
tion or  desire  for  a  return.  The  table  appended  to  tliis  Beport  will  show 
what  baa  been  done  np  to  date,  as  the  distrlbntiouB  of  the  year  18S0. 

The  distributions  indicated  have  represented  a  fair  average  for  the 
year  1880.  It  is  expected  that  in  the  year  1881,  the  amonnt  will  be 
vastly  iucreased  by  the  disposal  of  the  Centennial  collections,  which 
have  been  so  long  stored  in  the  Armory  building,  and  which  it  ia  ex- 
pected will  soon  be  transferred  to  the  new  Museum  building,  just  com- 
pleted. These  objects  will  be  principally  those  relating  to  the  mineral 
kingdom,  the  ores  and  building  stones  being  in  the  largest  proportion. 
Applications  for  collections  from  estiiblishments  not  well  known,  are 
usually  referred  to  the  member  of  Congress  in  the  district  in  which  the 
applicant  belongs,  and  an  expression  of  opiuion  is  invited  as  to  the  char- 
acter and  standing  of  the  same. 

As  a  general  mle,  no  specimens  are  sent  away  without  being  antfaori- 
tatively  and  accurately  labeled  by  an  expert,  so  tbait  they  become  stand- 
ards of  reference. 

LTBRABT. 

The  additions  to  the  library  of  the  Institution  through  its  system  of 
scientific  exchanges,  continue  to  be  very  large.  During  the  past  year, 
the  books,  pamphlets,  and  charts  received,  have  amounted  to  8,570 
pieces ;  a  portion  of  which  consists  of  parts  or  continuations  of  volumes, 
such  as  the  current  proceedings  and  transactions  of  learned  societies, 
and  the  accessions  to  established  scientific  journals.  Making  due  allow- 
ance for  such  fragmentary  coutinaations,  the  whole  number  of  complete 
volumes  may  be  estimated  at  6,000  titles;  of  which  by  far  the  greater 
portion  has  been  as  usual  transferred  to  the  custody  of  the  library  of 
Congress,  where  they  constitute  an  important  section  of  the  great 
national  colIectioD. 

In  this  statement  is  not  included  the  large  number  of  volumes  received 
under  the  arrangement  for  international  government  exchanges,  and 
sent  directly  to  the  Library  of  Congress  without  being  opened  or  cata- 
logued at  the  Institution. 

Statement  of  the  books,  maps,  and  charts  received  by  the  SmWtsonian  Instt- 
tution  during  the  year  1880,  and  transferred  to  the  JMrarg  of  Con- 
gress, 

Volumes : 

Octavo  or  smaller 806 

Quarto  or  larger 337 

1.143 

Parts  of  volumes : 

Octavo  or  smaller 2,677 

Quarto  or  larger 2,603 

-6,180 
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Pamphlets : 

Octavo  or  smaller .^ .  1,618 

Qaarto  or  larger 477 

2, 095 

Maps  and  charts 152 

Total 8,670 

The  iBstitatioD  has  received  firom  Mr.  John  T.  Iflsk,  president  of  the 
American  IndaBtrial  Deputation,  at  Paebia,  Mexico,  through  his  excel- 
lency the  Mexican  minister,  a  very  handsomely  bound  volume  of  small 
size,  of  Prayers  and  Devotions,  in  the  Spanish  language.  G^ie  binding 
of  this  book  is  quite  unique,  the  sides  and  back  being  covered  mth 
highly  polished  plates  of  Mexican  onyx,  cemented  upon  a  purple  silk 
cover,  which  is  exposed  only  in  the  git)0ve  forming  the  flexible  joint  be- 
tween the  sides  and  the  back.  The  fh>nt  plate  (fonr  and  a  half  inches 
long,  by  two  and  eeven-eighths  inches  wide,  and  probably  about  three- 
sixteenths  of  an  inch  a,t  its  middle,  gently  ronnding  and  thinning  toward 
its  edges)  is  of  a  delicate  mottled  pint  color,  and  is  embellished  with  orna- 
mental engraving  filled  in  gilt.  The  corresponding  plate  forming  the 
opposite  cover  is,  of  coarse,  of  exactly  the  same  size ;  but  it  is  of  a  deli- 
cate mottled  green  color:  its  ornamentation  is  similar  to  that  of  the  front 
side,  though  of  a  different  design.  The  back  of  this  curious  volume  is 
entirely  covered  with  a  finely  polished  piece  of  delicately  mottled  blue 
Mexican  onyx,  without  ornament,  nearly  one  inch  in  width,  which  has 
been  laboriously  and  skillfully  hollowed  out  to  conform  to  the  rounded 
back  of  the  volume.  On  the  front  fly-leaf  of  the  book  the  foUowing  in- 
scription is  written :  "  The  Very  Eev.  Mousignor  Eulagio  G.  Oillou,  do- 
mestic prelate  of  the  Pope,  to  the  American  Industrial  Deputation,  on 
its  visit  to  this  city,  presents  this  small  token  of  the  mineral  produce 
and  industry  of  the  State:  it  contains,  besides,  specimens  of  Mexican 
poetry ;  with  the  request  that  it  be  placed  by  its  distingnished  president, 
Mr.  John  Theo.  Fisk,  in  some  public  institution  of  the  United  States 
for  the  iuspectlon  of  its  citizens  and  artisans. " 

The  Institution  has  also  received,  through  the  honorable  Secretary  of 
State  {by  official  letter  of  the  department  dated  December  3,  1880), 
from  the  international  exhibition  commission  of  Sydney  (S.  S.  W.), 
Australia  (under  cover  of  a  letter  dated  Novemlwr  8, 1880,  from  E.  W. 
Oameron,  esq.,  one  of  the  United  States  commissioners  to  said  exhibi- 
tion), a  specimen  bronze  medal  of  award  of  the  said  Sydney  international 
exhibition  of  1879.  This  medal,  three  inches  in  diameter  and  a  quarter 
of  an  inch  thick  at  its  outer  rim,  presents  a  very  flue  specimen  of  die- 
sinking.  On  its  obverse  side,  within  a  border  bearing  the  legend  of  the 
exhibition,  is  represented  in  bold  relief  a  female  figure,  standing,  sur- 
rounded by  emblems  of  the  arts,  supporting  with  her  left  hand  a  shield 
bearing  the  arms  of  the  province,  and  extending  with  her  right  hand 
the  victor's  lanrel  wreath,  while  in  the  rear  is  shown  in  low  relief  the 
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esbibitioD  bailding.    On  ite  reverse  Bide  an  elaborate  floral  wreath  com- 
prising Dative  products  forms  tlie  embellishmeDt. 

By  tie  transfer  to  the  Library  of  Congress  of  the  greater  portion  of 
the  books  belonging  to  the  Smithsonian  Institution,  etfected  shortly 
after  the  diaastroas  fire  of  1865,  the  former  Ubrary  room  was  rendered 
available  for  other  uses.  This  occapation  for  father  more  pressing  re- 
qnirements  and  purposes,  necessarily  prevented  its  further  employment 
as  a  reading  room.  In  view  of  the  iucreaslDg  number  of  employes  con- 
nected with  either  the  Smithsonian  Institution,  the  National  Museum, 
or  the  United  States  Fish  Commission  and  Fishery  Census  Division,  it 
was  thought  proper  to  make  some  provision  by  which  some  of  the  more 
interesting  domestic  aud  foreign  periodicals  received  might  be  ren- 
dered easily  accessible  to  them.  Accoidiogly  the  corridor  of  tho  east 
range  of  the  building  has  been  fitted  up  as  a  reading  room  by  the  erec- 
tion of  reading  desks  on  which  are  placed  the  successive  uamliers  of 
certain  serials  as  they  come  to  hand.  These,  of  coarse,  comprise  but  a 
very  small  portion  of  the  journals  received  by  the  Institution;  a  foil 
list  of  which  is  given  in  the  appendix. 


An  arrangement  was  made  by  the  Institution  a  number  of  years  ago  for 
the  compilation  of  a  series  of  tables  of  ascertained  altitudeg  in  the  United 
States,  to  be  collected  &om  data  derived  from  State  and  county  surveys, 
and  fivm  miscellaneoas  surveys  made  in  the  constmction  of  railroads, 
wagon  roads,  &C.;  the  ultimate  object  being  the  preparatiou  of  a  topo- 
graphic relief  model  of  the  country.  This  work  was  put  in  charge  of 
Mr.  Walter  L.  Nicholson,  and  a  considerable  amonnt  of  work  was  ac- 
complished towards  the  end  in  view.  Mr.  Kicholson  having,  however, 
been  appointed  topographer  of  the  Post-Offlce  Department,  the  con- 
stant occapation  of  his  time  in  the  duties  of  his  position  interfered 
with  the  prosecution  of  this  work,  so  that  he  was  unable  to  complete  hie 
report,  and  for  some  years  aothiog  forther  has  been  accomplished.  The 
United  States  Coast  and  Geodetic  Survey  having  bad  committed  to  it 
by  act  of  Congress  the  charge  of  conducting  a  system  of  triangulations 
to  connect  the  Atlantic  and  Pacific  coasts,  h^  requested  the  use  of  this 
material  collected  by  the  Institution  with  reference  to  elevations ;  bat 
its  transfer  to  that  establishment  has  not  yet  been  determined  on. 

A  subject  which  has  of  late  years  attracted  considerable  attention 
from  physiologists  and  others  is  the  peculiar  affection  of  vision  known 
as  coloriUndneaa.'  This  defect  of  chromatic  sensibility  exists  in  various 
degrees,  and  to  a  much  larger  eilent  than  is  generally  supposed  j  and  as 
it  does  not  appear  to  be  usually  accomiranied  with  other  optical  imper- 
fection of  the  eyes,  many  of  its  subjects  are  even  unconscious  of  their 
deficiency  in  this  respect.    Inasmuch  as  danger  signals  used  at  sea,  upon 

*  This  abnormal  oondition  of  eight  is  bj  many  Fraioh  wiiton  chwitotoriw^  (aot 
Tei7  appropriAtel;}  aa  " Daltoniam."  ^it-X^Vi^lC 
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coasts,  on  railroadB,  at  draw-bridges,  sad  elsewliere,  are  asually  character- 
ized by  special  colors,  it  obviously  becomes  a  matter  of  the  greatest  mo- 
ment to  public  safyity  that  those  immediately  in  charge  of  sach  signals, 
or  appointed  to  observe  them,  should  be  known  to  be  entirely  free  from 
any.imperfection  or  disqnaliflcatioii  in  this  direction.  The  subject  has 
accordingly  with  justice  assumed  a  character  of  great  practical  impor- 
tance. In  the  Smithsonian  Keport  for  1877  the  Institution  pnbUshed 
the  translation  of  a  paper  by  Pro£  F.  Holmgren,  of  Stockholm,  in  which 
the  vital  consequence  of  this  subject  in  many  of  the  vocations  of  life, 
and  especially  those  connected  with  traveling  and  communication  by 
sea  and  by  land,  were  strongly  pointed  out;  and  to  this*mttmoir  is  on- 
doabtedly  due  in  large  degree  the  present  appreciation  of  the  subject. 
An  edition  of  this  work  had  been  contemplated  by  Prof.  B.  Jay  Jeffries, 
of  Boston,  who  has  himself  conducted  a  very  extended  series  of  independ- 
ent researches  in  the  same  direction.* 

LABOEATOET  WORK. 
A  large  part  of  the  time  of  the  chemist  of  the  Institution  is  occupied 
in  determining  the  character  of  minerals  sent  to  the  Institution,  with  the 
request  for  information.  Under  a  rule  of  the  lostitation,  of  which  a  copy 
is  herewith  submitted,  the  examination  of  minerals  for  private  parties 
and  private  interests  is  confined  t«  a  simple  qualitative  examination,  or,  in 
other  words,  an  indication  of  the  more  important  elements  contained 
therein.  It  is  a  comparatively  easy  matter  to  ascertain  whether  a  cer- 
taia  specimen  contains  gold,  silver,  lead,  or  other  metal,  and  examina- 
tions of  tbis  kind  are  made  daily.  In  all  cases,  however,  where  an  act- 
ual chemical  analysis  or  assay  is  required,  it  is  only  done  at  the  request 
or  in  behalf  of  some  branch  of  the  government,  or  for  some  other  pubUc 
purpose ;  in  all  other  cases  the  applicant  is  referred  to  professional  chem- 
ists for  ihe  investigatioD.  It  wUl,  of  course,  be  readily  understood  that 
if  the  Institution  once  establishes  the  precedent  of  making  snch  assays 
and  analyses,  it  would  soon  require  the  servioes  of  dozens  of  chemists, 
thus  involving  expense  for  which  no  adeqnate  pAivision  could  be  made, 
and  interfering  with  the  business  of  those  who  depend  ufwa  such  work 


In  the  report  of  the  chemist,  which  is  submitted  in  the  Appendix,  will 
be  found  a  statement  of  the  general  character  of  the  chemical  work  con- 
ducted during  the  year,  among  which  have  been  quite  a  number  of  in- 

*  The  followiag  memoira  on  this  intereaticg  topic  have  been  published  by  Frofessoi 
Jeffi'ies :  1,  "  Dangers  from  Color-BIindneBa  in  Railroad  Employes  aod  Pilots,"  Jaa- 
■laiy, IBiS,  Boston.  (FromtheNinthAimaBlKeportoftheStateBoaTdof  Health.)  3. 
"Incurability  at  Congenital  Color-Blindness,"  a  memoir  read  at  a  meeting  of  the  Suf- 
folk District  Medical  Society,  Febmaiy  33, 1979.  (Printed  in  the  Boston  Medical  and 
SnrgicalJonmiiJMaroh28,1878.)  3.  "Color-Blindness."  Alectnre  on  color-blindness 
and  its  practical  relations.  (Delivered  April  11,  1878,  before  the  Society  of  Arts,  at 
the  Institate  of  Technology,  Boston.)  4.  Paper  "  On  Color-Blindness  and  its  Dangers 
on  the  Sea."  (Bead  befoce  the  United  States  Naval  Inatltate  at  Annapolis,  Md., 
Maioh3,18eo.}  ,  , 
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vestigations  made  for  the  goTemment.  Perhaps  tlie  most  impcartaot  of 
these  was  the  inqoiry  into  the  so-called  Tichenor  proceas  of  redacing 
ores  of  gold  by  the  aseof  one  of  the  chlorides  of  gold.  This  investiga- 
tion was  made  at  the  special  request  of  the  Commissioner  of  Patents, 
and  conducted  at  the  expense  of  the  Patent  Office,  and  an  elaborate  re- 
port transmitted  to  that  officer.  Very  mnch  pnlalic  interest  centered 
aroond  the  analysis,  as  the  disposition  of  a  lai^e  amohnt  of  money  in 
the  way  of  investment  depended  apon  the  decision. 

In  addition  to  the  diemical  work  actually  performed  in  behalf  of  the 
government,  the  Institution  is  not  nnfreqnently  asked  (especially  by  the 
Treasury  Department)  to  nominate  chemical  experts  for  special  inquiries, 
a  request  always  promptly  complied  with. 

In  view  of  the  large  amount  and  variety  of  analytical  investigations 
coBtinnally  required  by  the  government  for  the  faithful  and  intelli- 
gent administration  of  several  of  its  bureaus  or  departments,  it  is  much 
to  be  desired  that  a  first-class  laboratory,  nuder  efficient  direction, 
be  established  iu  officlfd  connection  with  some  branch  of  the  gov- 
ernment, where  all  chemical  work  of  a  pnblio  character  or  value  Cfua 
be  thoronghly  executed.  Questions  of  grave  importance,  and  subjects 
requiring  daborate  and  conscientious  research,  are  constantly  being 
presented  in  the  revenue  and  other  branches  of  the  pablic  service,  which 
demand  precise  and  authoritative  determination  for  the  satisihctoiy 
guidance  of  official  agents,  and  which  should  be  placed  under  the  imme- 
diate supervision  of  those  (of  whatever  government  bureau)  charged 
with  the  responBibilit^  and  interested  in  the  accurate  execution  of  the 
work. 

EXPLOBATIONa 

In  the  summer  of  1S79,  Mr.  F.  H.  Gushing,  the  assistant  in  charge  of 
the  ethnological  department  of  the  museum,  was  granted  leave  of 
absence  by  the  Institntion  for  the  purpose  of  accompanying  a  commis- 
sion detailed  to  cany  on  ethnological  research  and  exploration  among 
the  Pueblo  people  of  New  Mexico.  This  expedition,  in  charge  of  Mr. 
James  Stevenson,  was  very  successful  in  its  mission ;  collecting  large 
numbers  of  specimens,  an  account  of  which  was  duly  given  in  the  Beport 
of  1879.  Mr.  Gushing  found  the  field  of  inquiry  among  the  Indians  so 
rich  and  extensive  that  he  obtained  permission  to  remain  a  longer  time, 
and  is  still  there.  He  has  established  himself  with  the  Zufli  Pueblo, 
under  the  special  protection  of  the  chiefe,  and  has  gained  the  confidence 
of  Uie  people  to  such  a  degree  as  to  be  pemutted  to  attend  all  their 
ceremonial  obserrances,  and  make  notes  and  even  drawings.  An  inves- 
tigation into  the  traditions  and  history  of  the  people,  their  manners  and 
customs,  their  songs  and  dances,  and  their  relationship  to  other  tribes, 
has  kept  Mr.  Cashing  constantly  occupied,  A  rich  harvest  of  inter- 
esting discovery  will  undoubtedly  result  from  his  residence  among  these 
people. 
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Mr.  Gushing  has  alao  been  enabled  to  obtain  many  interesting  apeci- 
mens  of  the  handiwork  of  the  Indians,  both  ancient  and  modem,  and 
has  visited  some  of  the  mines  from  which  minerals  valued  by  them  as 
precious  stones  were  obtained.  In  addition  to  the  general  inquiry  into 
the  histoiyof  the  Indians,  Mr.  Cashing  has  been  instmcted  to  take  the 
censns  of  the  Zniii  village,  at  the  request  of  Major  Powell. 

Dr.  F.  M.  Endlich,  the  minemlogist  of  the  Institution,  received,  in 
January  last,  leave  of  absence,  for  the  purpose  of  visiting,  as  an  agent 
of  the  Treasury  Department,  certain  sugar-producing  islands  of  the 
West  Indies  and  Demerara,  with  a  view  of  investigating  the  mode  of 
preparation  of  sugars,  intended  especially  for  exportation  to  the  United 
States.  During  his  stay  in  the  West  Indies,  as  also  in  South  America, 
he  made  some  interesting  collections  for  the  National  Mnsenm,  among 
them  specimens  of  curious  abonginal  i>Dttery. 

Dr.  Endlich  returned  to  Washington,  after  an  absence  of  several 
months,  bnt  was  occupied  for  some  months  in  completing  his  reportj 
receiving  then  an  appointment  in  charge  of  certain  mining  operations 
in  Arizona,  he  resigned  his  position  in  the  National  Museum.  The  work 
of  the  department  of  which  Dr.  Endlich  had  charge  was  then  placed  in 
the  hands  of  Dr.  F.  W,  Taylor  of  Washington,  as  will  be  seen  by  his 
report,  given  elsewhere. 

The  services  to  natnral  science,  of  Capt.  Charles  Bendire,  of  the  First 
Cavalry,  have  been  appreciated  for  many  years  x>aet  by  scientific  men, 
this  officer,  whose  military  record  is  understood  to  be  entirely  satisfac- 
tory, devoting  his  leisure  time  to  collecting  specimens  in  all  branches 
of  natural  history  and  making  very  full  notes  In  regard  to  the  man- 
ners, habitfi,  and  peculiarities  of  various  Indian  tribes.  His  succes- 
sive assignments  to  military  duty  have  taken  him  into  the  most 
inaccessible  and  least-known  portions  of  the  American  Continent,  in- 
cluding portions  of  Arizona,  California,  Oregon,  &c.,  which  liave  been 
thoroughly  explored  by  him.  Several  qaestions  having  arisen  daring 
the  year  in  reference  to  the  character  of  certain  species  of  salmonidee 
in  Oregon  and  Washington  Territory,  the  acquisition  of  specimens  of 
which  was  considered  very  desirable  in  the  interest  of  fish  culture  and 
the  flsheries.  Captain  Bendire  expressed  his  willingness  to  undertake 
a  journey  to  the  localities  involved,  provided  the  necessary  authority 
and  orders  could  be  obtained  from  the  War  Department.  Application 
to  Qenend  Sherman  and  to  the  Secretary  of  War  resulted  in  the  comple- 
tion of  the  necessary  arrangem^ts,  by  which  Captain  Bendire  was 
instrnctcd  to  prosecute  some  desired  reconuoissances  and  inquiries,  in 
which  he  would  have  the  necessary  opportunities  for  natural  history 
research.  Under  this  arrangement  he  left  Fort  WaUa  Walla  with  a 
portion  of  his  command,  and  after  an  interval  of  several  months  spent 
in  the  field,  returned  with  rich  results,  consisting  of  very  complete  col- 
lections of  the  fishes  of  the  rivers  and  lakes  of  the  interior  of  the 
country,  and  with  other  objects  of  natnral  history,  which  have  been  re- 
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eeived  at  the  Institution  and  -will  shortly  be  made  the  subject  of  specdal 
InTestigation  on  the  part  of  its  specialists. 

Mr.  F.  A.  Ober,  whose  important  researches  into  the  n^^oral  history 
and  ethnology  of  namerons  islands  in  the  West  Indies  hiive  been  referred 
to  in  previous  reports,  made  an  expedition  to  that  group  of  islands 
during  the  past  sammer,  in  connection  with  certain  bcsiness  enterprises. 
As  before,  be  devoted  such  of  his  time  as  he  conid  spaxe  to  suientiiic 
inquiry,  and  secured  an  excellent  series  of  birds  from  several  of  the 
islands  not  previously  visited.  These  have  been  duly  received  and 
entered  in  the  catalogne  of  the  Mnseum,  mailing  its  series  of  West 
Indian  birds  by  Car  the  most  complete  of  any  in  existence.  It  is  pro- 
posed at  DO  distant  time  to  prepare  a  catalogue  of  the  West  Indian  birds 
in  the  I^ational  Mnseam,  with  appropriate  notes. 

Mr.  Ober  also  seearedimportant  collections  of  reptiles,  fishes,  mammals, 
and  objects  of  archieology  for  the  National  Museum. 

In  December,  1879,  Prof.  David  3.  Jordan,  of  the  Indiana  University, 
as  assistant  to  the  United  States  Fish  Commission  and  special  agent 
of  the  Oensns  Department,  was  sent  to  the  Pacific  coast  to  investigate 
the  tishes  and  fisheries  of  that  region.  Profl  Cbarles  H.  Gilbert,  of  the 
same  institntion,  accompanied  him  as  assistant.  Those  gentlemen  re- 
paired at  once  to  San  Diego,  Cal.,  where  they  began  work  January 
1, 1880.  Statistics  were  obtained  at  each  of  the  fishing  towns,  and 
large  collections  of  fishes  were  made  in  turn  at  San  Diego,  San  Pedro, 
Santa  Barbara,  Monterey,  Soquel,  and  San  Francisco.  The  collection 
obtained  in  Monterey  Bay  was  especially  extensive,  comprising  nearly 
one  hundred  and  fifty  species.  A  stay  of  several  weeks  was  made 
in  San  Francisco,  t^r  which,  about  May  1,  Professors  Jordan  and 
Gilbert  left  for  Astoria,  Oreg. ;  here  studies  were  made  of  the  "spring: 
runs"  of  salmon,  which,  supplemented  by  Professor  Gilbert's  subse- 
quent studies  of  the  "taH  runs"  in  the  various  rivers,  have  thrown  much 
light  on  this  intricate  subject.  Later  a  visit  was  made  to  Puget  Bound, 
and  considerable  collections  were  obtained  at  Seattle,  ISeah  Bay,  Yio- 
toiia,  and  Kew  Westminster.  On  June  15,  the  party  returned  to  Asto- 
riaand  soon  after  to  San  Francisco.  The  chief  ports  sonth  of  San  Fran- 
cisco were  again  visited  and  large  collections  made. 

Aixmt  September  1,  Professor  Jordan  returned  eastward,  stopping  at 
Lake  Tahoe,  Utah  Lake,  and  Burlington,  Iowa,  for  the  purpose  of  study- 
ing the  fisheries  of  these  regions.  Professor  Gilbert  returned  to  the  Co- 
lombia andPuget  Sound  to  investigate  thefall  runs  of  salmon.  InKovem- 
ber  he  left  San  Francisco  for  Mazatlan,  Panama,  and  Aspinwall,  at  each 
of  which  places  considerable  time  was  spent  and  large  collections  made. 

The  chief  results  of  the  expedition  may  l>e  here  briefly  summarized. 

1.  The  collection  of  statistics  of  the  various  fisheries  along  the  coast. 

2.  The  discovery  of  about  60  species  new  to  science  on  our  Pacific 
coast,  and  of  nearly  as  many  more  on  the  coasts  of  Mexico  and  Central 
America. 
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3.  The  ooUeotion  in  large  nnmbers  of  nearly  every  Bpeoies  known  on 
OUT  Pacific  coast,  about  265  in  all.  Abont  10,000  daplicates  from  this 
coUectaon  have  been  already  distribated  to  the  principal  museums  <^ 
the  world. 

6.  The  Bolation  of  many  of  the  problems  relative  to  the  life-history  of 
the  salmon. 

In  April,  1880,  Dr.  Tarleton  H.  Bean,  one  of  the  assistants  in  the  Mo- 
seam,  was  detailed  to  visit  Ahtska  to  collect  fishery  statistics,  fishes, 
birds,  and  sach  other  objects  of  interest  as  could  be  obtained  Throogh 
the  oonrt«sy  of  Capt.  Garlile  P.  Patterson,  Superintendent  of  the  United 
8tat«s  Coast  and  Geodetic  Sorvey,  and  at  the  saggestion  of  Mr.  W.  H. 
Dall,  who  was  in  command  of  the  vessel,  Dr.  Bean  was  permitted  to  ac< 
company  the  parity  of  the  schooner  YnliOD,  and  was  allowed  all  possible 
assistance  and  &Gilities  for  making  collections.  While  Mr.  Dall  devoted 
his  leisure  more  particularly  to  the  dredging  for  invertebrates  and  bar- 
tering for  native  implements  and  ornaments,  he  also  contributed  lai^dy 
to  the  collection  of  flah  and  other  marine  vertebrates.  Valuable  aid  was 
extended  also  by  Capt.  E.  P.  Herendeeu,  Mr.  Marcos  Baker,  Mr.  Wm. 
E.  Koyes,  Mr.  H.  W.  McDonald,  ajid  Mr.  Sylvanns  Bailey. 

Dr.  Bean  was  absent  fh>m  April  to  the  middle  of  November,  and  dur- 
ing that  time  visited  Sitka,  Fort  Althorp,  Port  Mnlgrave,  Cook's  Inlet, 
Kodiak,  the  Shnmagin  Islands,  Belkofibky,  Unalaahka,  Saint  Faol  Isl- 
and, Plover  Bay  (Siberia),  Cape  Lisbnme,  Icy  Cape,  Point  Belcher, 
Eschscholtz  Bay,  Port  Clu«nce,  Big  Diomede  Island,  and  Saint  Mathew 
Island.  One  handled  days  were  spent  at  sea,  and  seventy-eight  days 
in  the  various  ports  named.  When  it  is  remembered  that  rain  pre- 
vented work  to  some  extent  while  in  port,  it  will  be  seen  that  the  sea- 
son of  aotoal  collecting  was  short ;  yet  the  party  succeeded  in  obtaining 
47  packages,  including  32  boxes,  10  kegs,  and  3  tank-boxes  of  natural 
history  specimens. 

TJpwaidB  of  80  species  of  fish  and  50  of  birds  were  secured — some 
rare  fishes  being  taken  in  considerable  nnmbers  with  a  view  to  their 
distributiou  to  other  museums.  Of  the  fish  Dr.  Bean  has  already  de- 
scribed 14  species  as  new  to  science — one  of  then  representing  a  new 
genus.  The  chief  value  of  the  fish  collecti<m,  however,  lies  in  the  fact  of 
its  including  many  hitherto  doubtful  or  unknown  Pallasian  and  Tilesian 
species.  A  full  series  of  specimens  waa  secnred,  which  estabhshes  the 
identity  of  the  commercial  cod  and  haUbnt  of  the  Atlantic  and  Pacific 
Oceans.  !Not  fewer  than  14  species  of  fishes  were  collected  that  toe 
common  to  both  sides  of  Korthem  America.  With  the  addition  of  this 
summer's  results,  the  Mvseum  is  in  possession  of  nearly  all  the  known 
Alaakan  fishes.  Uvrynorhgnchua  pygnueus  was  obtained  in  Plover  Bay, 
and  information  of  its  occurrence  at  Point  Barrow.  Larus  marintu  was, 
for  the  first  time,  taken  in  Alaska.  A  very  large  series  of  the  great 
Unalashkan  song  sparrow  (Melospiza  insignia  Baird)  was  brought  down 
odA  formed  the  basis  of  demonatrating  a  perfect  intergradaCion  with 
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the  Jf.  melodia,  Actodromaa  aeuminata  was  again  captured  at  Port 
Clarence,  fitithei  north  tlian  ever  before  in  Alaska. 

A  single  reptile — a  toad  cauf^ht  by  Miss  SaUie  Ball  near  Sitka — ^forms 
a  part  of  the  collection. 

Mr.  Ball  was  fortonate  in  procnring  a  perfect  skin  and  skeleton  of  the 
banded  seal  (Eistriophoca  equestria)  in  spite  of  the  detennination  of  its 
Eskimo  captors  to  carry  oE  at  least  a  piece  of  the  nosel  A  very  lu-ge 
number  of  sknlls  of  Eskimo  dog  was  gathered  at  Plover  Bay.  A  few 
good  bones  of  fossil  mammals  were  brought  firom  Escbscholtz  Bay. 

On  the  island  of  Unalashka  many  skulls  aod  implements  of  prehistoric 
Aleat«  were  fonnd  in  cliff  burial-places.  At  Ilioliuk,  Mr.  D^  obtained  a 
great  prize  in  the  skull  of  a  prehietorio  Alent  dog  from  a  village-site 
near  Ulakhta  Head.  ThroDghoat  the  Territory  large  collections  of 
implements  of  bone,  ivory,  stone,  wood,  copper,  &c.,  were  made,  some 
of  the  Eskimo  north  of  the  Arctic  Circle  furnishing  many  really  valo- 
able  articles  of  ivory  and  stone. 

Dr.  Bean  is  now  preparing  a  detailed  report  upon  the  flstaes ;  and  this, 
in  connection  with  some  notes  on  the  birds,  and  lists  of  the  coleopt^^ 
lichens,  &c,  will  form  material  for  a  Bulletin  of  the  Museum. 

Mr.  H.  H.  Busby,  a  well-known  botanist  of  Xew  Jersey,  has  been  en- 
gaged for  some  time  in  investigating  ^e  botany,  natural  history,  and 
archieology  of  New  Mexico,  and  it  gave  the  Institution  much  pleasure 
to  be  able  to  obtain  for  him  certain  facilities  from  tiie  War  Department, 
to  aid  him  in  his  researches.  His  special  attention  has  been  given  to 
botany,  and  he  has  already  addressed  to  the  Institution  a  number  of 
interesting  cdllections  in  this  department.  In  ardiEBOlogy  his  princi- 
pal work  has  been  the  investigation  of  a  cave,  near  Silver  City,  Kew 
Mexico,  filled  with  aboriginal  relics,  many  of  which  he  has  sncoeeded  in 
secnring.  None  of  these  collections  have,  so  far,  come  to  hand;  but 
they  wilt  probably  be  received  in  the  eariy  part  of  18SI.  Mr.  Eusby^ 
with  the  trne  zeal  of  the  explorer,  finding  his  means  inadequate  to  the 
carrying  out  of  his  plans,  entered  into  certain  business  relatioDS  witlt 
parties  in  New  Mexico,  by  means  of  which  be  earned  enough  to  con- 
tinne  his  labors. 

An  exploring  trip  to  the  remarkable  natoral  cave  at  Luray,  iu  Yirgiuia, 
was  made  by  a  party  from  the  Institution  in  the  month  of  July  last.  An 
account  of  this  visit  is  given  in  the  General  Appendix  to  this  Beport 

Ever  since  the  return  of  the  schooner  Florence  from  her  expedition  to 
Arctic  America,  Captain  Howgate,  of  the  Signal  Office,  has  been  en- 
deavoring to  se-mre  the  interest  of  Congress  in  a  second  expedition; 
and  to  that  end  he  purchased  in  Scotland  the  steamer  Gulnare,  and  had 
it  broaght  to  Washington  and  placed  in  a  condition  of  thorough  repair. 
Additional  timbers  were  placed  in  the  vessel  and  it  was  overhauled  and 
placed  in  an  effective  condition. 

In  connection  with  the  same  enterprise  Congress  passed  a  law  anthor- 
izing  her  acceptance,  by  the  Navy  Department,  and  her  eqnipment  for 
the  purpose,  shonld  she  be  considered  seaworthy.    The  Secretary  of 
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War  was  also  aathorized  to  make  a  detail  of  officers  and  men  from  the 
Army,  to  accompaoy  the  expedition.  The  plan  of  operations  was  to 
send  the  vessel  to  Lady  Franklin  Bay,  with  a  shore  party,  which  was 
then  to  be  landed  and  to  he  provided  with  booses  on  shore,  the  vessel 
herself  returning  to  the  United  States  for  additional  supplies.  The  War 
Department  did  its  part,  by  detailing  Lieutenant  Doane  and  a  number  of 
men  for  the  purpose  in  question,  the  general  snimrvislon  being  placed 
in  charge  Of  the  Signal  OfSce.  A  critical  inspection  of  the  vessel  was 
made  by  the  several  bureaus  of  the  lSa,\y  Department,  and  after  a  careful 
consideration  she  was  declared  to  be  not  sufScient^  reliable  to  be  ac- 
cepted and  the  Secretary  of  the  Wavy  declined  to  take  the  responsibiUty 
of  forwarding  her  on  the  voyage.  In  this  emergency  Captain  Howgate 
himself  provisioned  the  vessel  and  furnished  the  necessary  commander 
and  crew,  and  she  started  on  her  journey  via  Newfoundland.  Severe 
storms,  however,  were  encountered  and  her  boilers  became  so  injured 
as  to  require  repair  in  iN^ewfoundland.  She  exi>erienGed  numerous  mis- 
haps, some  of  which  greatly  injured  the  vessel  itself  and  rendered  the 
further  prosecution  of  the  enterprise  inexpedient.  The  vessel  accord- 
ingly returned  to  Washington  with  the  party,  and  the  expedition  was 
practically  abandoned  for  the  present.  Dr.  Pavy,  the  surgeon  and 
naturalist  of  the  expedition,  and  one  other,  however,  remained  in  (Green- 
land to  carry  on  independent  researches. 

Captain  Howgate,  with  his  usual  appreciation  of  all  branches  of  science, 
invited  the  Institution  to  furnish  a  collector  to  the  expedition,  promising 
to  supply  the  necessary  quarters  and  subsistence.  It  was,  however, 
found  impossible,  in  the  brief  notice  given,  to  secure  the  services  of  a 
competent  jjerson,  and  nothing  was  done  beyond  supplying  some  ap- 
paratus for  deep-sea  research. 

PUBLICATIONS. 

The  activity  ot  the  Institution  is  more  marked  and  its  influence  more 
extended  through  its  publications  than  by  any  other  of  its  agencies  for 
the  increase  and  diffusion  of  knowledge  among  men.  However  usefhl 
and  important  its  researches,  explorations  and  collections,  these  would 
be  very  limited  in  advantage  to  the  public  were  it  not  for  the  dissemina- 
tion of  the  new  truths  discovered  and  the  ftots  collected  through  the 
various  classes  of  publications  carried  on  by  the  establishment.  These 
publications  are  growing  in  number,  size,  frequency  of  issue,  and  value 
every  year,  and  more  has  been  done  in  this  way  in  1880  than  daring 
any  previous  period. 

For  many  years  past  the  Smithsonian  Institution  has  been  in  the 
habit  of  having  all  its  memoirs  (both  octavo  and  quarto)  stereotyped, 
as  thereby  the  number  of  copies  of  any  memoir  required  for  the  use  of 
the  public  could  be  conveniently  regulated.  The  demand  by  the  pubhe 
{beyond  the  regular  supply  of  everything  to  a  definite  number  of  insti- 
tutions) being  veir  unequal,  there  was  danger  of  printing  either  too 
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many  or  too  few.  This  indaoed  my  predeceasor,  many  years  ago,  to 
order  that  everytbing  pablished  by  the  Institation  should  ^ther  be  eleo- 
trotyped  or  stereotyped,  and  the  first  edition  for  miscellaneoos  distri- 
bntion  of  250  copies  was  generally  printed.  If  more  than  this  was 
required  a  second  and  a  third  edition  of  similar  extent  were  ordered. 
In  this  way  the  expense  of  an  investment  in  paper  and  printing,  as 
weU  as  an  inconvenient  and  possibly  dangerous  aconmulation  of  ma.te- 
rials  in  the  building,  was  avoided }  and  it  has  now  become  possible  to 
teep  down  the  stoc^  to  the  minimum.  The  stereotype  and  electrotype 
plates  have  nsoally  been  kept  in  the  basement  of  the  boilding;  but  for 
the  greater  convenience  of  reference  and  transfer  to  the  printer  when 
repaired,  they  have  been  arranged  during  the  year  in  a  large  fire-proof 
room  in  the  upper  stories  of  the  south  tower. 

By  far  the  largest  proportion  of  electrotype  plates  have  been  stored 
in  Philadelphia  in  a  portion  of  the  building  of  the  Academy  of  Natural 
Sciences  of  that  city,  and  under  the  charge  of  the  printers  of  the  ImtA' 
tntion,  the  T.  K.  Collins  establishment.  The  Institation  is  under  great 
obligations  to  the  Academy  for  permission  te  occupy  so  much  of  its 
basement  and  for  allowing,  at  the  same  time,  &ee  access  to  it  by  the 
agents  of  the  Institution. 

Index  to  Smiihaonian  Publications. — In  the  constantly-increasing  mass 
of  serial  publications  the  general  titles  of  which  express  bat  indefinitely 
the  character  of  their  contents,  the  preparation  of  special  indexes  has 
become  a  matter  of  great  importance;  and  within  the  last  twenty  years 
quite  a  number  of  such  publications  have  been  made;  one  of  these,  of 
the  most  importance,  namely,  the  Index  of  Periodical  Literature,  by  Mr. 
Henry  Poole,  has  been  of  very  great  assistance  to  students  and  investi- 
gators, and  a  still  more  elaborate  system  of  indexing  has  lately  be^i 
carried  out.  An  association  of  persons  &miliar  with  this  kind  of  work 
has  been  formed  for  the  purpose  of  continuing  this  series  of  indexes. 
Two  propositions  have  been  made  to  the  Institution  to  prepare  a  fUI 
digest  of  all  the  papers  it  has  published. 

Such  a  bibliography  bos,  however,  been  in  preparation  by  the  Instita- 
tion for  some  time  past.  Mr.  Boehmer,  one  of  the  assistants,  has  prepared 
a  fall  alphabetical  index  to  the  subjects  of  ethnology  and  archeeology, 
contained  in  the  Oontribations  to  Knowledge,  the  Miscellaneous  Collec- 
tions, and  the  Smithsonian  Reports;  an  abstract  of  which,  published  in 
the  Beport  for  1879,  will  give  some  idea  of  its  plan.  The  complete  work 
will  be  printed  as  soon  as  funds  are  available  for  the  purpose,  and  it 
will  meet  an  acknowledged  want  Similar  indexes  will,  in  time,  be 
furnished,  relating  to  other  branches  of  science. 

Smiihaonian  Contributioiu  to  Knowledge. — ^Dnring  the  year,  Volume 
XXII  of  the  quarto  series  of  "  Contribataons"  has  been  made  up  and 
published,  consisting  of  independent  memmrs  previously  issued  by  the 
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XnBtitntion.    This  volome  comprises  5i4  pages  of  text,  illnstrated  by  20 
plates  and  174  wood-cats ;  and  embraces  tbe  following  subjects : 

IntrodactioD,  16  pp.~~ist  Explorations  of  the  Aboriginal  Bemains 
of  Tennessee.  By  Joseph  Jones,  M.  D.  Pablisfaed  October,  1876.  4to., 
181  pp.    95  wood-cats. 

2d.  The  Sculptures  of  Sauta  Lucia  Cosnmalwhnapa  in  Guatemala. 
With  an  account  of  Travels  in  Central  America  and  on  the  Western 
Coast  of  South  America.  By  S.  Habel,  M.  D.  Published  February, 
1878.    4to.,  94  p.    8  plates. 

3d.  The  ArchEeological  Collection  of  the  United  States  Kational 
Museum,  in  charge  of  the  Smithsonian  lustitation.  WsBhington,  D. 
I  0.  By  Charles  Bau.  Published  August,  1876.  4to.,  118  pp.  340 
wood -cuts. 

4th.  The  Palenque  Tablet  in  the  United  States  National  Museum. 
Washington,  D.  C.  By  Charles  Ban.  Published  November,  1879. 
4to.,  91  pp.    2  plates  and  39  wood-cuts. 

5tb.  On  the  Bemains  of  Lat«r  Pre-Historic  Man  obtained  &om  Caves 
in  the  Catherina  Archipelago,  Alaslia  Territory,  and  especially  iirom 
the  Caves  of  the  Aleatian  Islands.  By  W.  H.  Dall.  Published  Janu- 
ary, 1876.    4to.,  44  pp.    10  plates. 

Palenque  Tablet. — From  the  interest  expressed  by  Mexican  archeeolo-' 
gists  in  the  history  of  the  Palenque  Tablet,  and  in  Dr.  Ban's  memoir  on 
that  subject,  it  was  presumed  that  this  paper  would  be  translated  and 
published  by  the  National  Museum  of  Mexico,  under  the  charge  of  its 
eminent  director,  SeBor  Don  Gamesindo  Mendoza,  and  accordingly  as 
an  act  of  international  courtesy  it  was  determined  to  ofifer  to  him 
electrotype  copies  of  the  plates,  as  also  a  supply  of  phototype  prints 
from  the  tablet  itself.  This  proposal  was  at  once  thankfnlly  accepted 
by  Senor  Mendoza,  and  the  preparation  of  the  translation  of  the  text 
promptly  undertaken.  Copies  of  the  memoir  in  the  Spanish  version, 
giving  the  text  and  all  the  notes  in  full,  have  lately  been  received  by 
the  Institution, 

Fkysiohgical  Research. — A  memoir  has  been  published  during  the 
past  year  on  the  subject  of  ''Fever,"  considered  physiologically  as  well 
as  pathologically.  The  researches  set  forlh  in  this  work  were  nnder- 
taken  by  Dr.  H.  0.  Wood,  jr.,  of  Philadelphia,  under  the  auspices  of  the 
Institution;  and  a  notice  of  the  character  of  the  investigation,  pre- 
pared by  the  aathor,  was  presented  in  the  Beport  for  1878.  The  print- 
ing of  the  memoir  was  considerably  delayed  by  the  necessity  of  a  criti- 
cal revision  of  the  tables  and  calculations,  which  was  intrusted  to  Mr. 
C.  B.  Young,  of  this  Institution,  and  which  has  received  from  him  careful 
and  laborious  attention.  He  also  corrected  all  the  proof-sheets.  This 
memoir,  forming  No.  357  of  the  Smithsonitm  publications,  comprises  266 
quarto  pages,  illnstrated  by  6  plates  and  16  wood-cats.  The  general 
condnsion  arrived  at,  as  summarized  in  the  memoir,  is  that  the  cause 
of  fever  "is  simply  a  state  in  which  a  depressing  poison  or  a  depress- 
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ing  peripheral  irritation  acts  upon  the  nervous  system  vhicfa  regnlates 
the  prodnction  and  dissipation  of  animal  heat";  and  that  the  nature 
of  fever  is  "a  nutritive  disturbance  in  which  there  is  an  elevation  of 
the  bodily  temperature  and  ^o  an  increase  of  the  prodnction  of  heat 
by  an  increase  of  the  chemical  movements  in  the  accamnlated  material 
of  the  body;  this  increase  being  sometimes  snffident,  sometimes  in- 
sufficient, to  compensate  for  the  loss  of  that  heat  which  is  derived  di- 
rectly from  the  destruction  of  the  surplus  food  in  tlie  body;  very  little 
or  no  food  being  taken  in  severe  fever." 

It  is  the  custom  of  the  Institution  to  give  to  the  author  a  certain 
number  of  copies  of  his  memoirs,  this  varying  with  the  extent  and  cost 
of  production.  The  author  is  also  invited  to  furDisfa  a  list  of  specialists 
particularly  interested  in  the  research  covered  by  the  memoir,  whether 
resident  at  home  or  abroad,  and  to  these,  or  as  many  as  can  conveniently 
be  supplied,  copies  are  sent  free  of  cost,  and  the  fact  of  this  being  done 
by  the  request  of  the  author  is  stated. 

The  author  is  also  allowed  to  print  as  many  additional  copies  as  he 
thinks  proper,  at  his  own  expense,  and  to  dispose  of  them  as  he  pleases, 
either  by  giving  them  away  or  selling  them.  The  more  extended  the 
distribution  of  a  memoir,  the  better  is  the  principle  of  the  Institution 
carried  out,  viz,  that  of  the  increase  and  diffusion  of  knowledge, 

Dr.  Wood  has  availed  himself  of  this  opportunity  by  having  250  extra 
copies  printed  and  placed  ou  the  market  with  the  imprint  of  J.  B.  Lip- 
pincott,  &  Co.,  of  Philadelphia. 

Meteorology. — The  relationship  of  the  Smithsonian  Institution  to 
the  subject  of  American  meteorology  is  well  linown,  especially  the 
fact  that  until  the  establishment  of  the  Weather  Bureau  of  the  War 
Department  the  Institution  had  the  entire  burden  of  maintaining  a  series 
of  observing  stations  throughout  the  country  and  of  publishing  the  re- 
sults in  a  series  of  memoirs,  which  are  accepted  as  of  standard  value  by 
all  meteorologists.  When  in  1871  its  system  of  active  work  was  trans- 
ferred to  the  Signal  Offlce  of  the  War  Department  the  publication  of 
digested  results  was  not  intermitted,  but  continued,  so  as  to  cover  the 
entire  period  of  activity  up  to  the  year  in  question. 

Among  the  meteorological  monographs  published,  by  the  Institution, 
that  on  the  rainfall  of  the  United  States  prepared  under  tlie  direction  of 
Mr.  Cliarles  A.  Schott,  of  the  United  States  Coast  Survey,  was  one  of  the 
most  important.  This  work,  with  its  digested  tables  of  rainfell  and  the 
series  of  rainfall  maps,  extending  from  the  earliest  records  to  the  year 
1866,  was  used  for  a  number  of  years  in  determining  the  questions  of 
general  climatology  and  the  relations  of  plants  to  altitude  and  locality, 
and  to  the  extent  and  degree  of  reservoirs  for  storing  water,  &c 

In  the  interval  between  the  completion  of  the  first  work  to  the  trans- 
fer of  the  system  many  additional  observations  had  been  made,  involv- 
ing the  rectification  of  some  of  the  general  conclusions,  and  it  was 
determined  to  publish  a  conttnttation  of  the  work,  down  to  187^  em- 
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bodying  at  the  same  time  a  recast  of  the  generalizations.  The  work 
was  accordingly  placed  tmdeir  the  superviaion  of  Mr.  Scbott,  as- 
sisted by  Mc.  E.  n.  Oonrtenay,  of  the  Coast  Survey,  and  completed 
daring  the  year.  Arrangements  were  immediately  made  for  publica- 
tion, inclnding  the  constmction  of  new  base  cbarfs.  The  printing  of  the 
chiUts  has  been  completed  by  Mr.  Julius  Bieu  and  the  text  is  in  an  ad- 
vanced stage  of  preparation,  and  will  probably  be  ready  in  a  few  months. 

Among  the  Important  papers  still  on  hand  which  have  been  accepted 
and  are  awaiting  pablication  are  the  continuation  of  Professor  Caswell's 
meteorological  observations,  of  Providence,  and  the  observations  made 
by  Mr.  Sherman,  while  on  board  the  schooner  Florence  as  a  member  of 
Captain  Howgate'a  polar  expedition. 

The  observations  of  Mr.  Sherman  present  muiy  new  points  in  the 
climatology  and  physical  condition  of  the  arctic  regions,  and  will  be  a 
valuable  addition  to  the  other  papers  of  a  similar  character  published 
by  the  Institution,  as  illustrating  the  works  of  Hayes,  Kane,  McClintook,^ 
and  others.  The  delay  in  the  publication  of  these  works  is  due  to  the 
large  amount  of  materia  on  hand.  It  is  hoped,  however,  that  in  the 
course  of  a  year  they  may  be  sent  to  press. 

ArchcBology, — Reference  has  been  made  in  previo'ns  reports  to  an  ex- 
tremely interesting  collection  of  West  Indian  antiquities,  probably  of 
Carib  manufacture,  presented  by  the  late  Mr.  George  Latimer  to  the 
iNational  Museum.  This  collection  embraced  many  new  forms  of  much 
interest.  The  stone  implements  of  this  collection  possessed  many  peculi- 
arities, for  the  most  part  not  illustrated  at  all  by  those  of  the  continent  of 
North  America;  and  amemoir  by  Prof.  O.  T.  Mason,  published  in  the  An- 
nual Bepdrt  in  1876,  illustrated  by  suitable  wood -outs,  has  attracted  great 
at^ntion  at  home  and  abroad.  Its  dissemination  has  brought  to  light 
additional  collections  in  the  West  India  Islands,  and  arrangements  have 
been  made  to  obtain  the  use  of  some  of  these  for  publication. 

Mr.  Frederick  A.  Ober  brought  from  Antigua  a  number  of  inter- 
esting objects,  quite  different  from  those  of  Mr.  Latimer ;  and  Mr, 
Gnesde,  of  Guadalonpe,  has  communicated  to  the  Institution  a  large  num- 
ber of  beautifully  executed  drawings  of  full-sized  specimens  in  his  collec- 
tion, accompanied  by  detailed  de^^criptions.  Professor  Mason  has  un- 
dertaken to  compile  a  special  memoir  on  Mi.  Gnesde's  collection,  to  be 
illustrated  by  his  drawings  and  published  at  an  early  date. 

The  publication  by  the  Smithsonian  Institution,  many  years  ago,  of  a 
memoir  by  Mr.  Lewis  H.  Morgan,  upon  the  terms  of  relationship  and  con- 
sanguinity employed  by  various  nations  of  the  world,  led  to  the  establish- 
ment of  almost  a  new  branch  of  philological  and  ethnological  investiga- 
tion ;  or  at  least  placed  it  npon  a  substantial  footing.  At  the  time  of  the 
publication  of  the  memoir  there  were  few  persons  prepared  to  follow  the 
reasoning  of  the  author ;  bat  under  its  stimulus  corresponding  researches 
have  been  carried  on  in  varioos  parts  of  the  world  and  have  produced 
very  good  fruits 
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Among  SQch  inyestigationB  was  oiieby  Mr.  L.  Fison,  in  regard  to  the 
aborigineB  of  Australia,  aud  an  agreement  ivas  entered  into  witlL  liim 
by  which  the  Institution  was  to  pnblish  it,  uDiform  with  Mr.  Morgan's 
memoir.  The  number  of  manoscriptB  in  hand  waiting  for  pablication 
prevented  Mr.  Fison's  article  fh>m  going  to  press,  and  he  finally  was 
able  to  make  arrangements  at  home  for  its  appearance.  The  paper  was 
accordingly  withdrawn  and  transmitted  to  theauthor  through  Mr.  Mor- 
gan. 

There  is  now  a  sufficient  number  of  the  quarto  memoirs  completed  to 
form  another  volume  of  the  "  Contributions,''  Volume  XXIH ;  and  this 
will  be  issued  early  in  the  year.lSSl.    It  will  probably  comprise : 

Ist.  LucemansB  and  their  alUes.  By  Henry  Jataes  Clark.  (130  pages, 
and  11  plates.) 

2d.  On  the  geology  of  Lower  Louisiana  and  the  salt  deposit  on 
Petite  Anse  Island.  By  Eugene  W.  Hilgard.  (34  pages,  2  plates  and 
4  wood-cuta.) 

3d.  On  the  Internal  Structure  of  the  Earth  considered  as  affecting 
the  phenomena  of  Precession  and  S'utation.  By  J.  G.  Barnard.  (16 
pages,  aud  2  wood-cuts.) 

4th.  A  classification  and  synopsis  of  the  Trocbilidfe,  By  Daniel 
Giraud  Elliot.    (277  pages,  and  127  woodcuts.) 

5th.  Fever:  a  Study  in  Morbid  and  Normal  Physiology.  By  H.  C. 
Wood.     (266  pages,  5  plates  and  16  wood-cuts.) 

MiscellaneoKs  Collectwtis, — Four  volumes  of  articles,  heretofore  pub- 
lished, have  t>een  made  up  and  added  to  the  octaro  series  of  the 
"Smithsonian  Miscellaneous  CoUectioDs"  during  the  year.  These  form 
Volumes  XVI,  XVII,  XVIII,  and  XIX,  and  are  constituted  as  follows : 

The  Sixteenth  volume  contains: 

1st.  Land  and  fresh-water  shells  of  North  America.  By  George  W. 
TryoD,  jr.    Part  IV,  Strexromatidte  (American  Melanians),  1873,  490  pp. 

2(1.  Catalogue  of  the  described  Diptera  of  North  America.  By  0. 
K.  Osten-Sacken  (second  edition.)  1878.    324  pp. 

3d.  The  Toner  lectures.  Lecture  VII.  The  nature  of  Iteparatory 
Inflamation  in  Arteries  after  Lipatare,  Acupressure,  and  Torsion.  By 
Edward  O.  Shakespeare,  M.  D.,  1879,  74  pp. 

4th.  Circular  relative  to  Smlthsoni^i  Scientific  and  Literary  Ex- 
changes, 1879,  2  pp. 

5th.  Circular  relative  to  Business  Arrangements  of  the  Smithsonian 
Institution,  1879,  7  pp. 

6th.  List  of  described  Species  of  Humming  Birds.  By  Daniel  Gi- 
raud Elliot,  1879,  22  pp. 

7th.  List  of  the  principal  Scientific  and  Literary  Institutions  in  the 
United  States.    May,  1879,  6  pp. 

8th.  List  of  the  pablications  of  the  Smithsonian  Instltation,  Jvty, 
1879, 18  pp. 

U,j,,,;Jl,L.OOglC 


BEPOBT  OF  THE   8ECBETABT.  dS 

The  Sevmteenth  volame  couBists  of: 

The  Smithsoniaa  Institation:  Documents  relatiTe  to^ts  origin  and 
history :  Edited  by  WiUiam  J.  Rhees,  187&,  1027  pp. 

The  Eighteenth  volume  consists  of: 

The  SmithsoDian  Inatitntion,  Jonrnals  of  the  Board  of  Begents,  Re- 
ports of  Committees,  Statistics.  &c.  Edited  by  Wilham  J.  Ehees,  1879, 
852  pp. 

The  Mnetemth Yolame  contains: 

Ist.   Proceedings  of  the  United  States  Kational  Mnsenm.    Vol.   I, 

1878,  524  pp. 

2d.  Proceedings  of  the  United  States  iN^ational  Museum.    Vol.  H, 

1879,  503  pp. 

Mem'Ar  of  James  SmitJtson. — It  has  long  been  the  intention  of  the  In- 
stitation  to  publish  a  memoir  of  its  founder,  and  from  time  to  time  ef- 
forts have  been  made  to  collect  materials  for  this  purpose.  It  is  much 
to  be  regretted,  however,  that  this  work  was  not  undertaken  at  an  earlier 
date,  while  some  of  Smithson's  contemporaries  were  living  who  could 
have  imparted  valuable  information  as  to  his  pecnliarities  and  charac- 
teristics. 

Mr.  Bhees,  Chief  Clerk  of  the  Inatitntion,  has  at  last  supplied  the 
want  BO  long  felt  in  the  history  of  this  establishment,  and  has  made  use 
of  every  known  source  of  information  in  the  preparation  of  the  work  in 
question.  By  extensive  correspondence  and  advertisements  in  several 
of  the  leading  English  periodicals  some  fects  of  interest  not  hitherto 
known  were  secnred,  and  the  author  was  thus  enabled  to  present  a 
more  extended  notice  of  Smithson  than  was  at  first  anticipated. 

The  memoir  under  notice  commences  with  a  sketch  of  the  ancestry  of 
tlie  Smithson  famUy,  gives  an  account  of  the  education  of  James  Smith- 
son  at  the  Oxford  University,  where  he  graduated  in  1786,  describes  his 
devotion  to  scientific  pursuits,  hia  love  of  adventure  in  the  search  for 
knowledge,  recounts  his  achievements  as  a  chemist  and  mineralogist, 
enumerates  hia  published  scientific  works,  and  gives  the  testimonials  to 
his  worth  and  ability  from  the  president  of  the  Eoyal  Society  and 
others. 

An  inventory  of  his  personal  effects  is  presented,  and  an  account  of 
the  likenesses  of  Mr.  Smithson  known  to  be  in  existence  and  in  the  pos- 
session of  the  Institution. 

Some  attentionis  paid  to  a  consideration  of  the  motives  which  probably 
actuated  Smithson  in  bequeathing  his  fortune  to  the  United  States,  and 
a  reaum6  is  given  of  the  intellectual  condition  of  the  period  in  which  he 
lived,  which  is  shown  to  have  exhibited  a  remarkable  spirit  of  acientific 
activity,  and  the  formation  at  that  time  of  some  of  the  most  important 
organizations  for  the  advancement  of  science,  education,  and  philan- 
thropy. 

S.  Mis.  31 3  ,  -  i 
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The  promotioD  of  knowledge  vas  peculiarly  a  charaoteristJe  of  tbo 
period,  and  Sofithson  was  nudoubtedly  Impreaaed  with  this  idea. 

Full  details  of  the  will  and  afac  aimUe  of  it  are  given. 

Mr.  Bhees  then  traces  the  steps  taken  hy  the  United  States  GoTom- 
ment  to  secure  the  beqneat,  the  Tarioos  acts  of  Oongress,  the  debates, 
resolations,  meBsages  of  Presidents,  &c.,  in  relation  to  the  subject,  and 
finally  the  reception,  on  the  29th  of  Angnst,  1838,  of  £104,960  88.  6d, 
which,  converted  into  American  gold,  realized  $508,318.16  as  the  Smith- 
son  foundation. 

A  recapitulation  is  next  furnished  of  the  legislation  of  Congress  in. 
relation  to  the  disposition  of  the  Smithson  fond,  and  a  brief  abstract  of 
the  notable  speeches  made  from  time  to  time  in  which  various  plans 
for  establishing  the  Smithsonian  Institution  were  advocated.  These 
speeches  are  given  in  full  in  the  "  Documents  relative  to  the  history  of 
the  Smithsonian  Institution,"  published  in  1879;  but  in  the  present  vol- 
ume the  narrative  is  continuous  and  the  references  to  the  names  and  locali- 
ties of  the  Senators  and  members  of  Congress  more  minute  and  explicit. 
la  fm  appendix  additional  &ct8  are  given  relative  to  the  father  of 
Smithson,  the  first  Dnke  of  Hforthnmberlaod ;  the  half  brother  of  Smith- 
son,  Earl  Percy,  who  commanded  the  British  re-enforcements  at  the  battle 
of  Lexington,  1775;  noticesof  some  of  Smithson's  papers;  extracts  from 
his  writings ;  a  catalogue  of  hia  library  now  deposited  in  the  SmiUiso- 
nian  Institution ;  and  notices  of  the  city  of  Washington  found  in  Smith- 
son's  books. 

The  whole  forms  an  octavo  of  76  pages,  with  the  following  illnstra- 
tions: 

Portrait  of  Smithson.  Heliotype;  &om  an  oil  miniature  by  Johns. 
18L6. 

Portrait  of  Smithson.  Heliotype;  from  an  oil  painting.  Cabinet 
size ;  fall-length  fignre,  sitting,  in  the  costume  of  an  Oxford  stud^t. 
1786. 

Portrait  of  Smithson.    Profile;  engraved  on  steel;  from  a  medallion. 

Tomb  of  Smithson,  at  Gtenoa,  Italy.  Wood-engraving;  lh)m  a  recent 
photograph. 

Foe  awnile  of  Smlthson's  yisiting  card,  and  of  bis  dinner  invitatiou 
card. 

Silhouette  portrait  of  Henry  James  Hnngerford,  nephew  of  Smithson. 

Fao  simile  of  Smithson's  will.    Two  sheets,  of  four  quarto  pages. 

Portrait  of  Smithson's  &ther,  Sir  Hugh  Smithson.  From  an  engrav- 
ing belonging  to  James  Smithson. 

!North  view  of  the  Smithsonian  Institation  building  at  Washington. 

The  Memorial  Volume  in  honor  of  the  late  Professor  Henry,  author- 
ized to  be  published  by  Congress,  though  somewhat  delayed,  has  been 
completed,  and  is  now  practically  ready  for  distribution.  It  forms  a 
handsome  octavo  book  of  528  pages,  of  which  the  main  snbjec^Inatter 


REPORT  OF  THE  SEORETABT.  35 

is  divided  into  tltree  parts.  A  brief  ictrodnction  of  4  pages  presents 
tlie  proceedings  of  Congress  in  relation  to  the  holding  of  memorial  serr- 
ices  in  the  ball  of  the  Hoase  of  Representatives,  and  also  in  relation  to 
the  printing  of  the  same,  together  with  snch  other  testimonials  of  respect 
as  the  Begents  might  deem  congruons  with  the  object  of  the  work.  Part 
first  embraces  the  primary  proceedings  more  immediately  connected 
with  the  obsequies,  commencing  appropriately  with  the  reprodnction 
of  the  announcement  of  the  death  of  Joseph  Henry,  by  the  Chancellor, 
Chief  Justice  Waite,  iRsned  on  the  day  following  that  melancholy  event, 
and  addressed  as  a  formal  or  official  obituary  notice  to  all  the  cor- 
respondents of  the  Institntion,  in  our  own  country  or  abroad,  followed 
by  an  account  of  the  proceedings  of  the  Board  of  Hegenta  on  the  occa- 
sion of  the  funeral  services,  with  the  sermon  of  the  Eev,  Samuel  S. 
Mitchell,  and  of  the  steps  taken  by  the  Regents  on  the  day  following  to 
obtain  a  public  commemoratiou.  Fart  second  comprises  an  account  of 
the  memorial  services  at  the  Capitol,  presided  over  by  the  Vice-Presi- 
dent, taken  from  the  CongreBsional  Becord,  and  consisting  of  an  open- 
ing prayer  by  President  McCosh  of  Princeton,  addresses  by  Senators 
Hamlin  and  Withers,  Bepresentatives  Oarfield  and  Cox,  Professors 
Gray  of  Cambridge  and  Bogers  of  Boston,  and  by  General  Sherman, 
the  reading  of  telegrams  by  Eepreseutative  Clymer,  and  a  closing  prayer 
by  the  Chaplain  of  the  Senate,  Bev.  Dr.  Snuderland.  Part  third  com- 
prises proceedings  by,  and  addresses  before,  various  bodies  with  which 
Professor  Henry  had  been  prominently  connected.  The  volume  con- 
cludes with  an  appendix  of  4  pages,  recounting  the  proceedings  of 
Congress  with  reference  to  the  erection  on  the  Smithsonian  grounds  of 
a  statue  of  Joseph  Henry.  The  whole  is  followed  by  a  general  index  of 
12  pages. 

Digest  of  Atomic  Weights. — Among  the  Miscellaneous  Collections  a 
carefully -prepared  digest  of  "Atomic  Weights,"  by  George  P.  Becker, 
of  California,  has  been  published  during  the  past  year,  constituting  No. 
358  of  the  Smithsonian  series.  This  work,  comprisuig  150  octavo  pages, 
consists  of  a  collection  of  all  the  determinations  of  the  atomic  weights 
of  the  chemical  elements  heretofore  made.  The  elements  are  alphabet- 
ically arranged,  with  critical  notices  under  each,  and  the  authorities  for 
varying  determinations,  together  with  precise  citations  to  the  publica- 
tions or  records,  are  fully  given.  The  whole  is  accompanied  with  a  fail 
index  of  the  journals  and  other  pubbcatlons,  both  foreign  and  domestic, 
which  have  been  laid  nnder  coutribation ;  and  a  second  index  gives  an 
alphabetical  list  of  the  authors  of  atomic  weight  determlnation&  The 
work  evinces  a  pains-taking  diligence  in  collecting  from  every  available 
source  (in  whatever  language)  the  information  desired ;  and  it  will  prove 
a  valuable  work  of  reference  to  both  the  theoretical  and  the  practical 
chemist. 

This  publication  is  in  continuation  of  a  line  of  scientific  manuals  on 
the  "Constants  of  Nature,"  projected  by  the  Institution,  and  may  be 
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regarded  as  forming  Yolnme  IT  of  the  series  thaa  far  attempted: 
Volume  I  being  tables  of  the  Specific  OraviUea  of  bodies,  and  ^so  of 
their  Boiling  and  Melting  Points  ;  Volume  11,  tables  of  the  Spedfio  Beats 
of  bodies ;  aud  Volome  III,  tables  of  Heat  Expanmon  of  bodies.  AH 
three  volumes  were  compiled  by  Prof.  F.  W.  Clarke  of  the  UniveiBity  of 
Oiaciunati. 

The  Toner  Lectures. — On  the  13th  of  April,  1872,  a  deed  of  conveyance 
of  several  pieces  of  property  in  Wa^ngton,  with  money  and  other 
securities  amounting  in  value  to  J3,000,  was  made  by  Dr,  Joseph  M. 
Toner,  of  this  city,  to  five  trustees,  institating  the  Toner  lectures,  and 
establishing  a  permanent  and  increasiug  fund  for  their  support  and  con- 
tiuuance  annually. 

The  trustees  named  in  the  deed  were  the  Secretary  of  the  Smithsonian 
Institution  (then  Prof.  Joseph  Henry ),  the  Snrgeon-tieneral  of  the  United 
States  Army  (then  J.  K.  Barnes,  M.  D.),  the  Snrgeon-Oeneral  of  the 
United  States  Navy  {then  J.  M.  Foltz,  M.  D.),  the  president  of  the  Med- 
ical Society  of  the  District  of  Columbia  (then  Grafton  Tyler,  M.  D.). 

The  interest  of  this  fond  was  set  apart  to  be  applied  for  annual 
memoirs  or  essays  relative  to  some  branch  of  mediciaJ  science,  each  to 
contain  some  new  truth  fully  established  by  experiment  or  observation  j 
no  such  memoir  or  lecture  to  be  given  to  the  world  under  the  name  of 
the  "Toner  Lectures"  without  having  first  been  critically  examined  uid 
approved  by  competent  persons  selected  by  the  trustees. 

In  accordance  with  this  trust,  urangements  were  made  for  the  deliv- 
ery of  annual  lectures  on  snbjects  relative  to  medical  science,  and  the 
Smithsonian  Institution  undertook  their  publication  in  its  series  of  Mis- 
cellaneous Collections.  The  following  is  a  list  of  the  lectures  published 
up  t«  1880,  and  already  described  in  previous  reports:  I.  On  the 
Stmcture  of  Cancerous  Tumors  and  the  Mode  in  which  atljacent  parts 
are  invaded.  By  Dr.  J.  J.  Woodward.  Published  November,  1873, 44 
pp.,  8vo.  II.  Dual  Character  of  the  Brain.  By  Dr.  C.  B.  Brown-Se- 
qaard.  Published  January,  1877,  25  pp.,  8vo.  III.  Strain  and  Over- 
Action  of  the  Heart.  By  Dr.  J.  M.  Da  Costa.  PnbUshed  August,  1874, 
32  pp.,  8vo.  IV.  A  Study  of  the  Nature  and  Mechanism  of  Fever.  By 
Dr.  Horatio  C.  Wood.  Published  February,  1875,  48  pp.,  8to.  V.  On 
the  Surgical  Complications  and  Sequels  of  Continued  Fevers.  By  Dr. 
William  W.  Keen,  Published  April  1877,  72  pp.,  8vo.  VI.  On  Subcn- 
taneous  Surgery :  Its  principles,  and  its  recent  extension  in  Practice. 
By  WiUiam  Adams,  M.  D.,  P.  E.  C.  S.  PubUshed  May,  1877,  15  pp., 
8vo.  VII.  The  Nature  of  Reparatory  Inflamation  in  Arteries  after  Lig- 
ature, Acupressure,  and  Torsion.  ByDr.  Edward  O.  Shakespeare.  Pub- 
lished April,  1879,  71  pp.,  8vo.  And  lastly,  during  the  past  year :  VHI. 
Suggestions  for  the  Sanitary  Drainage  of  Washington  City.  ByGJeorge 
E.  Waring,  jr.    Published  June,  1880,  23  pp.,  8vo. 

This  last  lecture  forms  No.  349  of  tha  Smithsonian  MisceJlaneons  Col- 
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lections,  and  discnsses  a,  subject  of  special  and  practical  importance  to 
the  residents  of  this  city. 

The  health  and  comfort  of  the  Capital  of  the  nation  is  a  matter  of  so 
general  interest  that  its  hygienic  conditions  deserve  earefal  stndy  and 
consideration.  Very  difficult  problems  are  presented  to  the  sanitary 
engineer  by  the  topography  of  the  city  and  the  river  frontage  on  a  large 
area  of  flat  land.  The  drainage  of  so  large  and  so  populous  a  city  is 
one  of  the  first  subjects  requiring  the  attention  of  the  local  authorities 
and  of  Congressional  action.  Mr.  Waring  having  had  long  experience 
and  much  distinction  in  investigation  of  such  topics,  was,  therefore,  in- 
\ited  by  the  trustees  of  the  Toner  fund  to  make  athorongh  examination 
of  the  city  and  District,  and  requested  to  make  suggestions  for  the  im- 
provement of  their  drainage. 

Mr.  Waring  in  his  lecture  presents  Holland  as  fiimishing  a  suitable 
example  for  imitatiou  in  regard  to  the  reclamation  of  low  areas.  In 
that  country  about  4,000  acres  have  been  reclaimed  annually,  while  in 
Washington  the  improvement  of  not  more  than  2,60O.is  reqnired.  He  rec- 
ommends strongly  the  adoption  of  the  Dutch  method  of  coustructiag  de- 
fenses, embankments,  and  bulk -heads,  leaviug  the  inclosed  ground  at  its 
present  level,  and  to  drain  it  by  artificial  power  to  a  sufficient  depth  to  se- 
cure the  same  result  as  to  dryness  tiiat  wonld  be  secured  by  the  filling  it 
with  earth.  This  would  substitute  a  dry  and  pleasant  meadow  for  the 
present  noisome  mud  fiats,  would  be  economical,  simple,  and  practically 
equivalent  to  raising  the  whole  city  six  or  eight  feet  above  its  present 
level,  and  give  it  high  and  dry  ground  to  the  shore  of  a  clear  running 
stream  on  each  side. 

!Nest  to  bringing  the  flats  abont  the  city  into  a  proper  condition,  the 
drying  of  the  soil  of  thftse  parts  now  subject  to  saturation  is  considered 
by  the  author,  and  for  the  latter  purpose  he  recommends  that  the  damp 
lands  should  be  drained  by  an  independent  system  of  pipes,  entirely 
disconnected,  except  at  their  outlets,  with  the  sewer  system. 

The  sewerage  of  the  city  is  next  considered,  and  the  use  of  the  same 
drains  for  the  streets  and  for  houses  is  condemned  as  very  objection- 
able. It  is  urged  as  of  prime  necessity  that  every  foot  of  the  sewers 
with  which  habitations  are  connected  should  be  at-all  times  firee  from 
deposits  of  organic  matter. 

The  best  size  of  sewer-pipes  is  fully  discussed,  and  the  conclusion 
stated  that  large  ones  should  be  restricted  to  the  removal  of  storm-water 
only,  and  small  ones  used  for  house  drainage. 

A  radical  and  almost  universal  improvement  of  the  interior  drainage 
of  houses  is  demanded,  the  defective  house-drains  being  a  far  more  im- 
portant factor  in  the  production  of  disease  than  defective  sewers.  By 
the  official  statement,  the  deaths  in  the  District  in  1879  ftom  diseases 
which  are  believed  to  be  very  materially  affected  by  bad  drainage,  either 
by  soil-moisture  or  by  filth,  amounted  to  just  about  one-half  of  the  total 
mortality.    The  anthor  believes  that  five  hundred  persons  annually  die 
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within  the  Dietrict  of  Colombia  becanse  of  ttie  defective  condition  of 
the  hoQseB  in  which  they  live. 

The  main  features  of  a  comprehensive  scheme  adequate  to  the  im- 
provement required  are  stated  by  Afr.  Waring  to  be — 

1.  The  flats  and  marshes  to  be  reclaimed  by  embanking  and  ptunpiug. 

2.  The  discharge  of  the  lateral  streams  and  of  storm-water  sewers  to 
be  carried  beyond  these  defenses  and  delivered  into  the  main  channels 
of  the  river. 

3.  The  complete  underdr^ning  or  sabsoil  drainage  of  the  site  of  the 
city; 

4.  The  separate  removal  of  the  foul  drainage. 

5.  The  abolition  of  privy  vaults  and  cesspools  and  the  complete 
reformation  of  the  interior  drainage  of  houses. 

Physical  Tables. — Among  the  earliest  publications  of  the  lostitution, 
one  now  exhausted,  but  which  has  ever  since  been  in  great  demand  both 
at  home  and  abroad,  is  the  very  fall  series  of  meteorological  and  phys- 
ical tables  prepared  by  Prof.  Arnold  Guyot.  This  work  {Ko.  31  on  oup 
list),  published  in  iS52,  constitutes  the  principal  portion  of  the  first 
volume  of  the  Smithsonian  Miscellaneous  Collections,  and  is  universally 
recognized  as  a  standard  work  of  reference  on  the  subjects  to  which  it 
is  devoted. 

The  expansion  of  certain  branches  of  physical  inquiry  has  made  some 
supplementary  tables  desirable,  and  Professor  Guyot  was  invited  by 
my  predecessor  to  prepare  the  material  for  a  new  series.  The  greater 
part  of  the  work  will  of  conrsebe  unchanged,  and  will  be  printed  from 
the  original  electro  type  plates.  But  some  modificatioa  of  certain  tables, 
together  with  a  number  of  new  ones,  has  been  arranged  for. 

Professor  Guyot's  laborious  dntiea  at  Princeton  have  interfered  with 
the  speedy  completion  of  the  new  edition;  but  the  material  is  now 
nearly  ready,  and  the  additional  pages  will  be  pat  in  type  at  an  early 
day. 

SuUetina  of  the  National  Museum — In  addition  to  the  regular  series 
of  publications  printed  entirely  at  the  expense  of  the  Smithsonian  fnnd, 
several  series  prepared  under  the  direction  of  the  Institution  have  the 
expense  of  the  printing  of  a  small  edition  provided  for  firom  other  sources. 
Stereotype  plates  of  these  issues  are  preserved,  and  are  afterward  in- 
cluded in  the  Miscellaneous  Collections.  These  consist  especially  of  the 
Bulletins  and  Proceedings  of  the  National  Musenm ,  the  printing  of  which 
is  authorized  by  the  Department  of  the  Interior,  and  paid  for  out  of  its 
ftand.  An  edition  of  one  thousand  copies  is  published,  of  which  one-half  is 
distributed  by  the  Department  of  the  Interior  and  one-half  by  the  Insti- 
tntion.  As  the  pages  are  stereotyped,  the  cost  of  additional  copies  is 
slight;  and  for  the  purpose  of  making  sure  that  a  sofBcient  number  of 
sets  will  be  accessible  forever  to  students  in  all  parts  of  the  world,  it  has 
been  considered  expedient  to  print  fifteen  hundred  additional  copies  of 
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each  aa  a  portion  of  the  Miscellaneoas  Colletstione.  In  this  waj  the  dis- 
tribution of  the  first  edition  can  be  niEide  to  special  studente  and  the 
minor  societies  that  do  not  receive  full  series  of  Smithsonian  pablicationa. 

In  this  manner  the  various  numbers  of  the  Proceedings  of  the  Na- 
tional Mnsenm  (forming  the  rolnmes  for  1878  and  1879)  have  been  asso- 
ciated together  to  form  the  nineteenth  volume  of  the  Miscellaneous  Ool- 
lections  as  already  indicated.  A  similar  arrangement  has  been  made 
in  reference  to  the  transactions  of  the  Philosophical  Sociei?  of  Wash- 
ington, the  first  three  volumes  of  which  have  been  printed  fh>m  the 
stereotype  plates,  and  will  probably  form  Volume  XX  of  Miscellaneous 
Collections,  to  be  issued  early  in  1881. 

The  "Bulletins"  of  the  Mnsenm,  as  heretofore  stated,  are  designed  to 
furnish  check-lists,  system  of  classihcation,  and  descriptions  of  the 
natnral  history  material  on  band,  for  the  pnrpoae  of  illustrating  the 
zoological  and  ethnological  collections  belonging  to  the  U.  S.  Kation^ 
Museum,  &c. 

The  seventeenth  Balletin  of  the  National  Museum  is  on  the  zoological 
position  of  Texas,  by  E.  D.  Cope.  The  author  considers  the  subject  of 
the  influence  of  environment  on  animal  life,  and  the  relation  of  the  ne- 
axciic  and  neotropical  faanse  at  their  point  of  junction.  Studies  into  the 
zoology  of  Mexico  have  shown  that  the  high  platean  is  populated  by  an 
animal  life  which  difiers  from  that  of  the  coastward  plains.  Prom  in- 
vestigations of  the  Batrachia  and  Beptiha,  which  are  incapable  of  per- 
forming migrations,  the  line  of  demarkation  between  the  great  northern 
and  sonthem  realms  is  clearly  indicated.  The  genera  of  South  America 
advance  northwards  along  the  lower  lands  of  Central  America  and 
Mexico  to  the  mouth  of  the  Eio  Grande,  which  is  about  their  northern 
boundary.  On  the  other  hand  various  genera  of  the  southern  regions  of 
North  America  extend  their  range  southward  as  far  as  the  city  of 
Mexico. 

The  great  8tat«  of  Texas  is  the  field  where  the  boundaries  of  the  va- 
rions  genera  is  to  be  sought,  since  its  fauna  is  of  a  moat  diversified 
character.  The  geology,  topography,  climate,  and  vegetation  of  this 
region  are  deacribed,  and  the  author  then  proceeds  to  a  conaideration  of 
the  distribution  of  its  vertebrate  animals  in  the  following  order :  Mam- 
malia, Aves,  Beptilia,  Batrachia,  Pisces. 

The  author  concludes  that  Texas  is  to  be  placed  within  the  nearctic 
realm,  for  although  it  possessea  a  number  of  genera  which  are  common 
to  this  realm  and  the  neotropical,  there  are  numerous  genera  which  be- 
long to  the  former  exclusively  and  very  few  that  belong  to  the  latter 
alone.  To  display  these  relations  lists  are  given  side  by  side  of  genera 
whose  geographical  relations  are  in  these  three  directions. 

The  species  are  shown  in  four  geographica':  groups,  (1)  those  of  the 
extreme  southwest,  (2)  those  of  the  plateaus,  (3)  those  of  the  low  coun- 
try, and  (4)  the  east. 

The  discussion  is  a  valuable  contribution  to  science,  and  the  paper  has 
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attracted  marked  attention  &om  naturalists.  It  fonoB  an  octavo  of  61 
pages. 

Bulletin  Ko.  18  is  a  pamphlet  of  278  pages,  and  is  entitled  "  Exhibit  of 
the  fisheries  and  fish  ooltare  of  the  United  States  of  America,  made  at 
Berlin  in  18S0,  prepared  under  the  direction  of  G.  Brown  Ooode,  depnty 
commissiouer." 

This  work  is  a  catalogue  of  the  articlea  brought  together  by  the  United 
States  Fish  Commission  for  exhibition  at  the  International  Fishery  Ex- 
hibition held  in  Berlin  in  April,  May,  and  June,  1880.  An  acooant  of 
this  exhibition  and  of  the  display  made  by  the  United  States,  with  the 
awards  to  exhibitors,  will  bo  found  in  another  place  in  this  report. 

The  bulletin  or  catalogue  was  used  as  the  ofiQcial  list  or  guide  to  the 
American  part  of  the  exhibition,  was  republished  in  Berlin,  translated 
into  German,  and  on  account  of  its  extent,  classification,  detail,  and  a«- 
oaracy,  elicited  much  praise. 

The  work  is  arranged  under  six  sections  or  heads,  viz : 

A.  Aquatic  animals  and  plants  of  iNorth  America  beneficial  or  in- 
jurious to  man. 

B.  Fishing-grounds  of  Korth  America. 
0.  Means  of  pursuit  and  capture. 

D.  Methods  of  preparation. 
K  Animal  products  and  their  applications. 
F.  Research,  protection,  and  culture. 

Under  each  of  these  sections,  subdivisions  are  made  fbr  the  purpose 
of  systematio  classification. 

.  Proceedings  of  the  National  Muteum. — As  stated  in  the  reports  for 
1878  and  1879,  another  series  of  publications  relating  to  the  Musenm 
has  been  introduced,  designed  to  furnish  to  naturalists  early  aouonnce- 
ments  and  descriptions  of  specimens  received,  particularly  when  of  new 
species,  together  with  such  other  matters  of  zoological  interest  as  may 
be  furnished  by  correspondents,  to  which  series  the  title  of  "  Proceed- 
ings of  the  National  Mnsenm  "  has  been  given.  Of  the  articles  published 
in  the  Proceedings  for  the  year  1880,  Mr.  B.  Eidgway  has  furnished  the 
following : 

(1)  Beviaiona  of  Xomenelature  of  certain  North  American  Birds.  This 
paper  is  an  explanatory  list  of  the  names  of  "Sovik  American  birds 
which,  in  aecordance  with  the  recognized  rules  of  nomenclature,  have 
been  changed  or  amended  since  the  publication  (in  1873)  of  the  latest 
catalogue  of  the  species — Coues's  "Check  List."  Thirty-one  specific  or 
Bubspecific  and  twenty-five  generic  names  are  given  as  changed  or 
amended  since  that  date,  from  the  form  given  in  the  above-named 
catalogue,  while  nineteen  species  given  therein  as  geographical  races  or 
varieties  are  raided  to  fall  specific  rauk,  seven  others  being  reduced  to 
the  rank  of  subsjiecies. 

(3)  A  Catalogue  of  the  Birds  of  North  Ameri^. — ^Ihis  catalogue  is  pre- 
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pared  with  the  view  to  supply  the  wide-Bproad  demand  for  a  catalogae 
of  North  AmerioaD  birds  which  shall  be  complete  ap  to  date  as  z^garda 
the  emimeiatioii  of  speeies  known  to  occur  in  North  America,  and  at  the 
same  time  includes  a  thorongh  thoagh  condeosed  digest,  with  references 
of  the  additions  to  the  faaua  and  changes  of  nomenclature  which  have 
been  made  during  the  period  of  twenty-one  years  which  has  elapsed 
siace  the  publication  of  the  last  Smithsonian  catalogae,  in  1859.  This 
new  catalogue,  with  numerous  revisions  and  additions,  is  now  (Decem- 
ber, 1880)  being  printed  for  publication  in  pamphlet  form. 

(3)  Catalogue  of  Trochilidw  in  the  collection  of  the  United  States  Ifa- 
Uonal  Museum. — This  is  a  list  of  the  species  of  hamming  birds  contained 
in  the  National  Collection,  all  the  localities  represented  by  the  specimens 
being  given  with  each  species.  The  ohief  object  of  this  list  is  to  call  at- 
tention to  the  desiderata,  so  that  correspondents  may  be  able  to  fnmish 
species  which  are  lacking  to  the  collection,  and  thus  render  it  more  com- 
plete. 

Dr.  Tarleton  H.  Bean  has  furnished  among  other  papers : 

A  Ust  of  European  fishes  in  the  collection  of  the  United  States  National 
Museum. — Aboat  350  nomiaal  species  are  mendoued.  As  this  list  is  in- 
tended simply  to  facilitate  exdianges  with  museums  in  Europe,  the 
names  under  which  the  fishes  were  received  are  retained  without  refer- 
ence to  OUT  latest  knowledge  concerning  the  classification  and  specific 
identity  of  certain  species. 

Other  articles  have  been  supplied  by  Messra  S.  T.  Cattle,  F.  M. 
Endlich,  S.  Garman,  0.  H.  Gilbert,  T.  Gill,  G.  B.  Goode,  O.  P.  Hay, 
A.  Heilprin,  D.  S.  Jordan,  G.  N.  Lawrence,  W.  K.  Lockington,  B. 
Eathbun,  J.  A.  Ryder,  B.  Smith,  J.  J.  Smith,  J.  G.  Swan,  A.  E.  VerriU, 
and  C.  A.  White. 

Systematio  Notaenclatttre. — In  carrying  ont  investigations  in  systematic 
natural  history  a  large  part  of  the  labor  consists  in  determining  the  prior- 
ity of  names,  especially  those  of  the  genera  employed  or  proposed ;  and 
-  for  many  years  each  inquirer  was  obliged  to  repeat  the  labors  of  others 
and  to  waste  a  vast  amount  of  his  time  thereby.  In  1816.  the  late  Prof^ 
Louis  Agassiz  prepared  a  list  of  all  names  of  genera  that  had  been  pro- 
posed in  zoology,  giving  the  dates,  references  to  place  of  publication,  and 
the  group  of  the  animal  kingdom  to  which  they  belonged.  No  greater 
boon  could  have  been  extended  to  students  than  this  compilation, 
which  answered  its  purpose  fully  for  a  number  of  years.  In  1873,  Mr. 
Marschall  prepared  a  supplement  to  the  work  of  Professor  Agassiz, 
which  was  also  of  very  great  moment.  For  many  years  past,  h&wover, 
no  convenient  digest  has  been  available  to  cover  more  recent  researches, 
as  the  spirit  of  scientific  investigation  is  increasing  in  almost  geomet- 
rical ratio,  and  the  need  of  a  new  nomenclature  has  been  apparent. 
Mr.  B.  H.  Scodder,  of  Cambridge,  Mass.,  has  devoted  a  large  pok-tion  of 
time  lately  to  the  preparation  of  a  second  supplement  to  Pk\}&s8or 
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Agaasiz'a  work,  to  inclade  a  general  index  to  the  'whole ;  and  by  this 
means,  when  published,  the  natoralist  will  be  able  to  reduce  the  time 
and  tronbie  of  a  given  reeeaxch  enormously.  Mr.  Scodder  offered  this 
memoir  to  the  SmithBOoian  iDStitntiou  for  publication,  bnt  as  it«  own 
fonds  were  rrqaired  for  the  other  memoirs  previously  in  hand,  it  was 
accepted  by  the  Department  of  the  Interior,  as  a  bulletin,  and  work 
begun  upon  it.  Some  hundreds  of  pages  have  alnady  been  printed, 
and  it  is  hoped  that  the  whole  will  he  completed  in  the  coarse  of  1881. 

Smithsonian  Annnal  Export — Inconseqaenceof  thedelayattheGov- 
erument  Printing  Offloe,  referred  to  in  the  last  report,  the  Beport  for 
1878  was  not  ready  for  distribation  until  March  of  the  past  year.  Being 
the  first  issued  after  the  death  of  the  late  Secretary  of  the  Institution, 
Professor  Henry,  it  was  deemed  proper  to  devote  considerable  of  its  space 
to  a  presentation  of  his  life  and  scientific  work.  For  thie  purpose,  the 
biographical  memoir  prepared,  at  the  request  of  the  Board  of  fiegents,  by 
Dr.  Asa  Gray  was  appended  to  the  Proceedings  of  the  Board,  while  in 
the  General  Appendix  were  inserted  the  acconnts  of  his  researches  on 
sound  with  reference  to  fog-signaling — his  latest  scientific  work — re- 
printed from  the  several  reports  of  the  Light^House  Board,  in  which  they 
originally  appeared,  the  whole  being  arranged  in  a  connected  article. 
With  the  same  view,  also,  an  arti<de  prepared  by  W.  B.  Taylor  on  Prof. 
Henry's  connection  with  the  telegraph  was  inserted,  presenting  his,  as 
yet,  imperfectly  recognized  contributions  to  the  scientific  basis  of  that 


.  The  other  articles  in  the  Appendix  are:  Acconnts  of  explorations  in 
Greenland  by  L.  Kumlien,  and  in  the  Caribbee  Islands  by  F.  A.  Ober; 
a  table  of  some  physical  constants  by  J.  Le  Conte — a  contribution  to  the 
proposed  collection  of  all  the  constants  of  Nature  and  Art;  an  account 
of  some  experiments  on  the  effect  of  irritation  of  a  sensitive  nerve  by  B. 
F.  Lautenbach;  translations  of  Arago's  biography  of  Condorcet,  and  of 
Favre's  biographical  notice  of  Agassiz;  an  abstract  of  the  results  of  the 
researches  on  Fever,  made,  with  the  co-operation  of  the  Institution,  by 
Dr.  H.  G.  Wood ;  and  a  repnblicatiou  of  a  list  of  the  apparatas  in  various 
institutions  in  the  United  States  available  for  scientific  research.  The 
whole  forms  a  volume  of  676  pages  with  12  illustrations. 

A  number  of  ethnological  articles,  intended  for  this  report,  were  un- 
avoidably thrown  over  to  the  next. 

The  report  for  1879  was  presented  to  Congress  on  the  10th  of  March, 
1880,  and  an  edition  of  15,500  copies  were  ordered,  2,500  for  the 
use  of  the  Senate,  6,000  for  the  nse  of  the  House  of  Eepresentatives,  and 
7,000  for  the  Institution,  It  is  again  a  matter  of  regret  that  the  publi- 
catioa  of  this  work  has  been  so  long  delayed.  The  amount  of  work  or- 
dered to  be  done  at  the  Public  Printing  Oftice  is  enormous  and  increases 
every  year,  while  the  fiiciUties  for  doing  it  remain  very  much  the  same. 
As  an  evidence  of  the  increase  of  work  in  this  of&ae,  the  PabUo  Printer 
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states  that  the  namber  of  blanks  priuted  daring  the  fiscal  year  ending 
Jane  30,  1880,  exceeded  those  printed  dtiring  the  preTioos  year  by 
23,000,000.  The  Domber  of  copies  of  aafinished  works  on  December  1, 
1880,  ordered  by  Congress  was  922,107.  It  is  abaolately  imposaible  to 
satisfy  all  the  requirements  of  the  Departments  and  of  Congress  in  a 
reasonable  time,  and  nnfortonately  the  Smithaonian  report  ia  delayed 
mach  beyond  the  desire  and  intention  of  the  Institution. 

In  this  report  an  niiasually  large  space  of  the  Appendix  is  devoted 
to  anthropology — all  bnt  four  of  the  papers,  In  fact,  coming  under  that 
head.  This  was  dne,  in  part,  to  the  increased  attention  given  to  that 
branch  of  science  within  the  past  few  years,  and  in  part  to  the  fii>ct  that 
the  ethnological  articles  prepared  for  the  report  of  1878  were  unavoid- 
ably thrown  over  to  this. 

The  full  list  of  titles  comprises:  A  study  <^  the  savage  weapons  at 
the  CenteDoial  Exhibitlon,by£.H.  Knight ;  reports  of  Amerieaa  obser- 
vatories, prepared  byE.  8.  Holden  from  the  answers  to  the  Smithsonian 
circular  asking  for  information  in  regard  to  the  equipment  and  opera- 
tions of  the  observatories  in  the  United  States;  translations  of  Fisbo's 
lecture  on  the  present  fundamental  principles  of  physics;  of  Baamhaaer's 
account  of  his  proposed  universal  meteorograph  for  detached  observa- 
tories; and  of  Worsaae's  statement  of  the  measures  taken  for  the  pres- 
ervation of  antiqaities  and  national  monuments  In  Denmark ;  abstracts 
of  replies  to  the  Sntithsoniiin  archteological  circular;  and  a  statement 
of  the  anthropological  investigations  pursued  in  1879,  both  prepared  by 
Otis  T.  Mason ;  an  Index  to  the  Papers  on  Anthropology,  published  by 
the  Smithsonian  Institution  fh>m  1817  to  1878,  prepared  by  George  H. 
Boehmer,  and  the  following  papers  on  local  ethnology  and  anthropology : 
The  Freuuh  Half-Breeds  of  the  Northwest,  by  V.  Havard ;  Prehistoric 
Bemains  in  Montana,  between  Fort  Fills  and  the  Yellowstone  Biver,  by 
P.  W.  Norris ;  the  Shoshonee  or  Snake  Indians,  their  religion,  super- 
stitions, and  manners,  by  Albert  G-.  Braokett ;  Eoins  in  White  Biver 
Cahon,  Pima  County,  Arizona,  by  B,.  T.  Burr;  Mounds  in  Winnebago 
County,  Wisconsin,  by  Thomas  Armstrong;  Mounds  near  Quincy,  Dl., 
and  in  Wisconsin,  by  William  Gilbert  Anderson;  Notes  on  some  of 
the  principal  mounds  in  the  Des  Moines  Valley,  by  Samuel  B.  Evans; 
Osmposition  of  ancient  pottery,  found  near  tlie  month  of  Ohequest 
Greek,at  Pittsburg,  on  the  Des  Moines  Eiv^,  by  Bobert  N.  and  Charles 
L.  Dahlberg;  Prehistoric  evidences  in  Missouri,  by  G-.  C.  Broadhead; 
Mounds  in  Franklin  County,  Indiana,  by  Edgar  B.  Quick ;  Mounds  and 
earthworks  of  Bush  County,  Indiana,  by  F.  Jackman ;  Primitive  man- 
utkcture  of  spear  and  arrow  points  along  the  line  of  the  Savannah 
Biver,  by  Oharles  C.  Jones,  jr.;  Mica  beds  in  Alabama,  by  William 
Gesner;  Mounds  in  Washington  County,  Mississippi,  by  James  Hough; 
Mounds  in  Morehouse  Parish,  Louisiana,  by  Beiyamin  H.  Brodnax; 
Wampum  belts  of  the  Six  Nations,  by  W,  M.  Beauchamp ;  Indian  relics 
from  Schoharie,  S.  Y,,  by  FraukD.  Andrews;  Preliminary  ExploiatlooB 
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among  Indian  motmds  in  Southern  Florida,  by  S.  T.  Walker ;  Be]>ort  on 
the  shell-heaps  of  Tampa  Bay,  Florida,  by  S.  T.  Walker;  and  Monnds  on 
Gideon's  farm,  near  Excelsior,  Heoiiepia  County,  Minnesota,  by.Frank 
H.  Ifntter. 

The  whole  forms  a  volume  of  631  pages,  with  205  illustrations. 

Of  the  documents  publiBhed  annually  by  the  United  States  Govern- 
ment, those  of  the  Agricultural  Department  and  of  the  Smithsonian 
Institution  are  most  in  demand,  as  furnishing  general  iuformation, 
much  sought  after  by  various  claases  of  the  community.  There  is  no 
person  of  general  literary  or  scientific  taste  who  does  not  find  in  the 
Smithsonian  Reports  something  of  interest,  especially  in  the  copious 
store  of  archsBological  information  and  the  statements  of  the  present 
condition  aud  progress  of  science.  The  demand  for  tne  Smithsonian 
Beports  has  been  responded  to  by  the  pablioation  of  quite  large  editions 
and  the  occasional  reprints  from  the  authorized  stereotype  plates.  It 
has  been  found,  however,  impossible  of  late  years  to  meet  the  demands 
in  the  increasing  amount  of  interest  manifested  by  the  growing  popula- 
tion of  the  United  States ;  and  although  a  liberal  edition  is  published  by 
Congress,  of  which  about  6,500  have  been  assigned  to  the  Institation 
for  years,  copies  of  the  Report  for  1877  are  entirely  exhausted. 

Fully  realizing  this  fact.  Senator  Hamlin,  a  Begent  of  the  Institution, 
introduced  a  resolntion  providing  for  the  increase  of  the  printing  of  the 
nnmber  of  copies  to  15,500,  of  which  7,000  were  to  be  distributed  to 
the  Institution.  This  resolution  became  a  law,  and  it  is  hoped  that 
the  demand  for  the  volume  for  1879  now  about  being  delivered  by  the 
Public  Printer  will  be  met. 

The  series  of  the  stereotype  plates  of  the  volumes  begins  with  1862, 
aud  it  is  proposed  to  make  application  to  Congress  for  the  printing  of  a. 
small  edition  of  the  volumes  extending  from  that  year  to  1878,  inclu- 
sive, so  that  sets  can  be  furnished  to  the  many  new  public  libraries 
whicb.  have  made  their  appearance  within  the  last  few  years. 

NATIONAL  MUSETTM. 

The  reasons  for  asking  Congress  for  a  museum  bailding  of  suitable 
magnitude,  and  tbe  steps  by  which  this  end  was  accomplished,  have  been 
duly  presented  in  the  preceding  reports.  I  am  happy  to  annouuce  at 
the  present  time  that  the  edifice  has  been  substanti^y  completed,  and 
that  preparations  are  being  made  to  occupy  it.  In  the  accompanying 
report  of  the  architect  of  the  building  commission  all  the  necessary  de- 
tails of  the  plan,  cost,  &c.,  will  be  found. 

The  magnitude  of  the  edifice,  and  the  complexity  of  the  organization 
necessary  to  fully  occupy  it,  it  is  expected  will  require  a  considerable 
time,  but  it  is  hoped  that  the  work  will  be  complete  by  the  end  of  tbe 
year  1881,  and  that  the  establishment  will  thereafter  be  in  full  tide  of 
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As  lias  already  been  esplaiiied,  the  nev  mnseumis  not  intended 
simply  for  the  exhibition  of  objects  of  natural  history,  the  controlUng 
idea  being  rather  that  of  an  ethnological  exhibit,  especially  to  include 
illustrations  of  the  applications  of  objects  belonging  to  the  animal,  veg- 
etable, and  mineral  kingdoms,  and  the  reqalremente  or  luxuries  of  man. 
To  this  end  the  collections  made  by  the  Smithsonian  Institution  and  the 
United  States  Fish  Commission,  for  exhibition  at  the  Centennial  Expo- 
sition of  1876,  and  the  Berliu  International  Fishery  Exposition  of  1880, 
come  admirably  into  play,  and  constitute  the  basis  of  the  material,  which, 
however,  has  been  largely  increased  fhnn  other  sources. 

It  is  proposed  to  devote  one-fourth  of  the  space,  about  25,000  square 
feet,  to  an  illnstration  of  the  mineral  resonrces,  in  the  form  of  building 
stones,  ores,  combustibles,  clays,  pigments,  &c. 

Another  fourth  of  the  building  will  be  taken  up  by  illustrations  of 
the  animal  industries,  with  representatives  of  the  originals,  or  plaster 
or  papier-mache  casts,  of  the  principal  animals  nsed  for  food  or  other 
purposes  by  man,  together  with  all  the  various  apparatus  by  which 
they  are  pursued,  captured,  and  utiUzed ;  then  the  results  of  the  manip- 
ulation, and  also  illustrations  of  the  methods  by  which  animals  are  pro- 
tected or  multiplied;  this  confining  itself  principally  to  an  exhibition  in 
connection  with  the  artificial  propagation  of  fishes  and  other  aquatic 
animals. 

A  portion  of  the  building  will  be  HUed  by  the  display  of  other  special 
objects,  including  the  materia  medica,  foods,  paints,  and  dyes  of  all 
nations. 

In  the  purely  ethnological  collections,  or  such  as  relate  to  the  savage  - 
or  semi-civilized  races  of  modern  times,  space  wiU  be  provided  for  in 
this  building,  and  a  small  area  assigned  to  the  exhibition  of  mounted 
mammals  and  osteological  specimens.    Fuller  details  of  arrangement 
will  be  reserved  for  the  next  report. 

The  expansion  of  the  scope  of  the  National  Museam  of  course  in- 
volves an  enlarged  Ibrce,  and  the  engagement  of  several  specialists  to 
take  charge  of  their  respective  departments.  This  has  been  deferred 
until  1881. 

In  view  of  the  large  number  of  cases  required  in  this  building — ^not 
less  than  one  thousand  in  all — the  selection  of  suitable  plans  and  modes 
of  construction  has  beeu  a  matter  of  great  importance,  and  we  have 
accordingly  endeavored  to  obtain  all  possible  information  as  to  methods 
of  arrangement  in  foreign  and  home  mnseums.  Professor  Agassiz  has 
kindly  supplied  working  drawings  of  the  newer  cases  of  the  Museum 
of  Comparative  Zoology ;  and  the  authorities  of  South  Kensington  and 
the  new  British  Museum,  as  well  as  those  of  the  Koyal  Museum  of 
Dresden,  and  other  establisbmentN,  have  rendered  similar  facilities. 
Mr.  G.  Brown  Ooode,  the  curator  of  the  museum,  dnring  the  period  of 
his  action  as  commissioner  to  the  Berlin  International  Fishery  Exposi- 
tion, took  occasion  to  visit  all  the  principal  museums  in  Germany,  Italy, 
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iuid  O-reat  Britain,  aad  made  himsetf  familiar  with  the  arrangementB 
prevalent  tbereiiL  The  result  has  been  to  anpply  many  importaut  ideas, 
which  will  be  earned  oat  in  oounection  with  the  new  Ufatioual  Moseam 
at  Washington. 

In  the  neoesaary  reorganizatioQ  of  the  whole  force  of  the  maseum,  in 
connection  with  the  new  departnre,  occaaion  wae  taken  to  reiterate  and 
enforce  the  mle  which  is  adopted  in  most  pnbllc  mnaenms  throogh- 
out  the  world,  namelyj  tiiat  the  officers  connected  with  the  museum 
shall  make  no  collections  of  any  kind  whatever  for  themselves 
during  the  period  of  their  connection  with  it.  Although  in  moet 
cases  a  mere  matter  of  form,  it  has  been  thought  well  to  make  sach 
a  mle  a  condition  of  acceptance  of  a  position  aad  salaiy,  as  themby 
preventing  any  misunderstanding  and  removing  any  danger  of  making 
an  official  position  the  means  of  promoting  private  interest  Persons 
in  charf^Q  of  a  collection  hare  many  opportunities  of  secnring  speci- 
mens from  visitors,  who  offer  objects  of  more  or  less  interest,  and  who 
are  sometimes  inclined  to  give  them  to  the  officer  rather  than  to  -the 
coUeciipn. 

Inereaae  of  the  Museum. — The  additions  to  the  Kational  Musenm  dar- 
ing the  year  1880  have  been  fully  up  to  the  average,  indeed  scarcely 
inferior  to  those  of  any  previous  year,  with  the  exception  of  that  of  the 
Centennial  Exhibition  at  Philadelphia.  The  collections  of  marine 
animals,  especially  fishes  and  invertebrates  &om  the  Atlantic  and  Pacific 
coasts  of  the  United  States,  far  exceed  in  value  and  extent  those  ever 
before  obtained.  The  most  important  sources  of  supply  have  been  (1) 
the  collections  of  the  United  States  Fish  Commission,  made  on  the 
seath  coast  of  New  England,  and  of  the  Gloucester  fishermen,  obtained 
for  the  most  part  off  the  eastern  banks,  and  transmitted  through  the 
commission;  (2)  the  collections  made  by  Profs.  D.  S.  Jordan  and  Charles 
H.  Gilbert,  of  fishes  and  invetebrates,  between  San  Diego  and  Puget 
Sounds ;  (3)  the  collections  of  Dr.  T.  H.  Bean  and  Mr.  William  H.  DaU 
in  Alaskan  waters  of  the  Forth  Pacific  and  in  the  Arctic  Ocean ;  (i) 
collections  of  marine  animals  made  by  Dr.  White,  Surgeon  of  the  United 
States  revenue  steamer  Cormn,  and  by  Captain  Hooper  commanding ; 
(6)  the  general  ethnological  and  zoological  collections  of  Mr.  £.  H. 
Nelson,  of  the  United  States  Signal  Service;  (6)  collection  of  archaeo- 
logical objects  made  by  Mr.  James  Stevenson,  assisted  by  Mr.  F,  Q.  Gal- 
braith.  While,  however,  these  are  the  most  noteworthy  there  are  many 
others  of  great  interest  that  will  be  referred  to  hereafter.  The  catalogue 
of  donations  accompanying  the  report  will  give  fuller  details  on  this 
subject,  bearing  in  mind  that  no  small  nnmber  of  contributions  have 
been  received  without  indications  of  their  origin,  so  that  it  becomes  impos- 
sible to  make  the  proper  acknowledgment  to  their  contributors. 

The  regions  covered  by  these  contributions  relate  almost  exclusively 
to  North  America,  a  few  collections  only  coming  irom  Mexico  or  the 
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West  IndJea ;  and  a  Btill  smaller  nnmber  £rom  the  rest  of  the  world.  A 
number  of  very  important  eeries  of  fishes  was  obtained  by  Mr.  Goode  at 
the  Berlin  Fishery  Exposition,  bnt  as  the  j  have  not  been  unpacked  and 
arranged,  reference  to  them  will  be  deferred  nntil  the  next  report. 

Alaska,  as  the  least  known  portion  of  North  America,  and  the  one  pre- 
senting the  most  numerous  problems  of  interest,  recdved  special  atten- 
tion during  the  year,  and  the  amount  of  material  gained  has  been  pro- 
portionally great. 

Mr.  E.  W.  Nelson,  observer  of  the  signal  office  at  Saint  Micha  els,  has 
continued  his  most  important  transmissions  covering  all  branches  of 
scientific  inquiry;  among  these  the  most  specially  noteworthy  is  the 
collection  of  ethnological  materials,  illustrating  the  manners  and  customs 
of  the  living  Esquimaux  of  the  region,  as  well  as  much  of  prehistoric 
antiquity.  Mr.  Nelson  has  already  sent  in  about  6,000  pieces  of  anthro- 
pological matter.  Bis  collections  of  mammals,  birds,  &c.,  have  been 
of  very  great  importance. 

Under  orders  from  Captain  Patterson,  of  the  Coast  and  Geodetic  Sur- 
vey, Mr.  Dall,  assistant  of  the  Coast  Survey,  made  a  second  visit  to  the 
Alaskan  seas  in  the  schooner  Yvkon,  originally  built  under  his  direction 
for  the  service.  By  permission  of  Captain  Patterson,  seconded  by  the 
invitation  of  Mr.  Dall,  Dr.  T.  H.  Bean  was  detailed  to  accompany  the 
expedition  for  the  purpose  of  investigating  especially  the  fish  and  fish 
eries  of  the  northern  waters. 

The  vessel  lefb  San  Francisco  in  April,  1880,  and  touching  at  varions 
points  passed  into  the  Arctic  Ocean,  where  quite  an  extended  cruise 
was  prosecuted  in  the  interest  of  the  survey.  It  returned  to  San  Fran- 
cisco in  November,  1880,  and  the  collections  of  specimens,  in  forty-five 
packages,  were  received  not  long  att«r  in  Washington.  These  embrace 
very  large  numbers  of  ethnological  and  archteological  objects,  speci- 
mens of  birds,  fishes,  invertebrates,  and  other  articles  of  great  interest, 
to  some  of  which  further  reference  will  be  made. 

No  coUeotions  were  received  this  year  from  Mr.  Lncien  Turner,  sui»er- 
intendent  of  the  volunteer  stations  of  the  Signal  Service  of  the  Aleu- 
tian Islands.  Large  gatherings,  however,  have  been  made  by  him 
which  will  be  due  during  the  year  1881. 

Mr.  James  G.  Swan,  of  Neah  Bay,  Pnget  Sound,  has  continued  his 
valuable  contributions  to  the  National  Museum,  which  have  now  ex- 
tended over  a  period  of  many  yera^.  Being  especially  interested  in 
ethnology,  specimens  belonging  to  that  branch  were  pmiicularly  at- 
tended to,  while  many  fishes  SUso  have  been  forwarded. 

Gommander  L.  A.  Beardslee,  of  the  Jamegtoum,  stationed  at  Sitka, 
Alaska,  has  also  made  many  contributions  of  birds  and  ethnological 
objects. 

A  most  important  and  extended  exploration  of  the  Pacific  coast  was 
that  condncted  by  Prof.  D.  S.  Jordan,  assisted  by  Charles  H.  Gilbert. 
Professor  Jordan  was  dettuled  by  Mr.  Ooode,  in  charge  of  the  fishery 
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brauoli  of  tbe  census  of  1880,  to  obtain  all  the  procurable  information 
in  regard  to  fishery  of  the  western  coast;  and  leaving  Washington  in 
December,  1879,  after  spending  some  time  in  San  Francisco  he  proceeded 
to  San  Diego  and  thence  by  snccessive  stages  to  Paget  Sonnd,  his  work 
there  overlapping  and  uniting  with  that  of  Mr.  Swan.  In  this  work  he 
embraced  the  opportunity  of  making  extensive  collections  of  alcoholic 
specimens,  of  which  no  less  than  65  large  cans  were  transmitted.  These 
contain  about  260  species  of  fishes,  a  number  of  them  new  to  science, 
and  for  the  most  part  in  sufficient  nambers  to  supply  many  institutions 
with  duplicates,  and  to  transmit  desirable  exchanges  abroad. 

The  revenue  steamer  Corwin,  on  her  nsual  cruise  in  the  seas  of  N^orthem 
Alaska,  during  1879,  was  accompanied  by  Dr.  K.  White,  of  the  Marine 
Hospital  Service,  and  a  trained,  ardent  naturalist.  Many  important  col- 
lections were  made  by  Dr.  White,  especially  of  seals,  inclading  many 
foetuses,  birds,  and  fishes.  His  specimens  were  received  in  the  early 
part  of  the  year,  and  submitted  for  examination  to  various  experts.  I 
regret  extremely  to  have  to  report  the  untimely  death  of  Dr.  White, 
partly  &om  exposure  in  the  service.  In  a  second  cruise  of  the  Concin 
in  the  Forth  Pacific  and  Arctic  Ocean,  in  1880,  Captain  Hooper  made 
another  collection  of  great  interest,  inclading  a  series  of  fossil  bones  ftom 
Kotzebue  Sonnd. 

Mr.  Belding,  of  Stockton,  GaL,  has  furnished  some  interesting  objects 
from  the  interior  of  the  State.  The  mostimportant  contributions,  how- 
ever, from  the  inland  portion  of  the  Pacific  region  have  been  those 
supplied  by  Gapt.  Charles  Bendire,  of  the  First  United  States  Cavalry, 
an  officer  the  valne  of  whose  services  in  the  development  of  a  knowledge 
of  the  natural  history  of  the  West  can  scarcely  be  overestimated.  For 
many  years,  while  stationed  at  military  posts,  he  has  been  occupied  in 
securing  eggs,  nests,  and  birds,  and  other  objects,  and  placing  the  infor- 
mation and  material  thus  gained  in  the  hands  of  correspondents  and 
scientific  specialists  throughout  the  country.  This  service  to  science  has 
not  involved  any  interference  with  his  dnties  as  an  officer,  his  military 
record  being  a  brilliant  one.  Some  months  of  the  year  1880  were  occn- 
pied  by  Captain  Bendire  in  the  investigations  of  certain  vexed  questions 
connected  with  the  salmoaidse  of  Oregon  and  Washington  Territory. 
Leaving  with  a  small  party  of  men  he  visited  nameroos  localities  and 
bronght  in  a  series  of  lishes,  which,  when  fully  examined,  will  enable  as 
to  solve  many  problems  in  regard  to  them.  Many  other  specimens,  as 
birds,  &c.,  were  obtained  by  Captain  Bendire  and  transmitted  to  Wash- 
ington. 

Arizona  has  been  represented  by  collections  of  living  reptiles,  fnr- 
nished  by  Dr.  Corson  and  Dr.  Moran,  of  the  United  States  Army,  as 
also  by  a  series  of  plants  ftom  Colonel  Burr. 

The  contributions  from  New  Mexico  have  been  extremely  important, 
consisting,  first,  of  a  series,  in  1879,  of  specimens  gathered  by  Mr.  James 
Stevenson,  with  the  assistance  of  Mr.  Frank  H.  Cashing;  and,  secondly, 
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of  a  series  gathto^d  by  Ab-.  Stevenson  in  1880,  assisted  by  Mr.  Galbraitb. 
These  exploiationa  were  mider  the  immediate  direction  of  Maj.  J.  W. 
Powell,  in  cfaai^  of  the  SmithBoman  Bareaa  of  Ethnology ;  their  speoiaL 
object  being  the  acqnisitioD  of  a  complete  series  of  objects  illustiatiDg 
the  manners  and  enstoms  of  the  pneblo  towns  of  New  Mexico  and  Ari- 
zona. The  investigation  was  carried  fh>m  village  to  village,  and  abont 
one-half  of  the  turticles  have  been  thoroughly  worked  np.  The  collection 
embraces  an  immenseqnantity  of  pottery,  of  stone  implement,  dresses,  or- 
naments, &c.  Mr.  Hillers,  a  competent  photographet,  accompanied  both 
•xpeditions  and  obtained  a  large  nnmber  of  photographs,  as  also  the 
measarements  of  various  Indian  towns,  both  occupied  and  abandoned, 
to  serve  as  materials  for  a  series  of  models. 

Dr.  J.  C.  Merrill,  of  the  United  States  Army,  has  sent  in  a  valuable 
general  collection  from  Fort  Shaw  and  Montana. 

Mr.  Charles  Busby  has  also  sent  in  some  nue  mammals  from  Wyoming 
Territory. 

The  collections  from  Florida  have  been  very  extensive  and  valuable* 
These  consist,  in  part,  of  large  numbers  of  ^hes,  famished  by  Mr.  Silas 
Stearns,  of  Pensacola,  while  in  the  employ  of  the  fishery  branch  of  the 
United  States  census  and  subsequently ;  and  Mr.  S.  T.  Walker,  who,  in 
addition  to  fishes  and  reptiles,  has  sent  large  numbers  of  objects  obtained 
&om  the  Indian  mounds.  From  Mr.  James  Bell,  of  Gainesville,  have 
also  been  received  valuable  collection  of  ethnological  objects  andof  hv- 
ing  reptiles,  including  many  specimens  of  serpents  of  unusual  size,  which 
have  served  to  swell  the  series  of  plaster  casts  exhibited  in  the  National 
Museum. 

The  Atlantic  coast  of  Florida  and  other  Southern  States  is  well  repre- 
sented by  collections  of  fishes  by  Mr.  B,  E.  Earll  and  Prof  M.  McDon- 
ald, of  the  fishery  census  department.  From,  or  through,  Mr.  C.  C.  Les- 
lie, an  extensive  and  well-known  fish  dealer  of  Charleston,  have  also 
been  received  many  rare  and  some  uudescribed  species  of  fliibes. 

The  operations  of  the  United  States  Fish  Commission  have  furnished 
a  large  number  of  objects  &om  the  middle  coast  of  the  United  States, 
especially  from  the  line  of  the  Gulf  Stream  south  of  New  England. 
Further  reference  to  this  will  be  made  under  the  special  head  of  the 
Operations  of  the  United  States  Fish  Commission.  The  receipts  through 
the  Commission  include,  also,  large  numbers  of  specimens  obtained  by 
the  Gloucester  fishing  fieet,  and  which  is  famished  in  an  alphabetical 
record  of  the  donors. 

The  ornithology  of  the  peninsula  of  Vir^nia  in  the  vichiity  of  Cobb's 
Island  has  been  well  investigated  by  Mr.  Eobert  Eidgway,  Mr.  Henry 
Marshall,  and  Mr.  P.  Jouy,  all  connected  with  the  National  Museum. 
Many  interesting  birds,  with  their  eggs,  and  of  the  young  in  downy 
plumage,  were  secured  in  good  condition  for  mounting. 

On  the  western  coast  of  Mexico,  and  especially  in  the  Gulf  of  Cali- 
fomia,  Mr.  Charles  H.  Gilbert,  after  completing  his  census  work  on  the 
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California  coast,  made  large  coUectiona  of  fishes  for  the  !National 
MoSeom.  Not  mnch  else  has  been  received  from  Mexico  beyond  some 
contribntious  &om  its  Ufational  Moaeom,  thioogh  the  director,  Mr.  Q-. 
Mendoaa,  and  some  interesting  objects  from  Profl  A.  Dngfes,  of  G-oan- 
axaato. 

Previous  reports  have  contained  an  acoonut  of  the  important  services 
of  Mr.  F.  A.  Ober  in  his  uatnral  history  explorations  in  ^e  West  Indies. 
This  gentleman  has  renewed  his  work  in  that  region  in  Tisiting  a  num- 
ber of  islands  previonsly  unexplored  by  him,  and  in  sending  the  material 
results  to  the  Institatioo.  The  National  Museum  now,  by  his  assistance, 
contains  by  far  the  most  complete  collections  of  the  birds  of  the  West 
Indies  in  existence. 

Dr.  H.  H.  Nicholls,  of  Dominica,  W.  I.,  has  also  made  some  valuable 
coDtnbutions,  inclnding  a  large  andundescribed  species  of  parrot,  uamed 
by  Mr.  Lawrence  Ckrysotis  nichoUsii.  The  collections  from  Dr.  ifichoUs 
include,  also,  some  very  interesting  fishes,  &c.  From  Mr.  L.  Guesde 
has  been  received  a  series  of  excellently  painted  illustrations  of  Garib 
antiqnitles  in  his  possession,  or  accessible  to  him  on  the  island.  These 
it  is  proposed  to  reproduce  in  a  memoir  to  be  published  by  the  Institn- 
tion. 

Mr.  Edward  Newton,  colonial  secretai?  of  Jamaica,  has  favored  the 
Institution  with  several  specimens  of  living  boas,  to  be  reprodaced  in 
plaster.  Professor  Poey,  the  eminent  natnralist  of  Havana,  has  also 
sent  living  reptiles,  together  with  a  number  of  fishes, — tspes  of  his  elab- 
orate papers. 

South  America  is  mainly  represented  by  the  contributions  of  Mr. 
Figyelmesy,  United  States  consul  at  Demarara.  This  collection  con- 
sists of  ethnological  objects,  including  a  large  boat,  such  as  is  used  by 
the  natives. 

As  already  stated,  the  collections  &om  Europe  have  been  principally 
series  of  fishes  obtained  for  the  most  part  by  Mr.  Goode  at  the  Fishery 
Exposition  in  Berlin,  and  furnished  in  exchange  for  series  of  fishes,  &c., 
carried  from  Washington  for  the  purpose. 

Some  desirable  specimens  of  native  handiwork  from  Western  Africa 
have  been  forwarded  by  Mr.  Smythe,  the  United  States  minister  at 
Liberia. 

Having  thus  given  a  brief  sketch  of  the  principal  regions  illustrat«d 
by  the  collections  transmitted  daring  the  year  1880  to  the  National 
Museum,  a  reference  to  the  objects  themselves  in  their  systematic  order 
may  not  be  amiss. 

Mention  has  already  been  made  of  a  large  number  of  general  collec- 
tions from  different  localities;  that  is  to  say,  transmissions  embracing 
more  than  one  particular  group  of  objects,  llie  most  important  of  these 
were  received  firom  Alaska,  Florida,  and  New  Mexico,  although  many  of 
more  or  less  importance  came  from  other  regions.  In  later  years  the  c6l- 
lectitms  most  attractive  to  visitors  in  a  public  museum  have  been, 
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those  illuatrating  the  character  and  mode  of  life  of  the  various  portions 
of  the  hnman  race,  more  especially  of  those  whose  existence  on  the 
globe  dates  baek  to  a  greater  or  lees  period  in  the  remote  past ;  and 
it  is  in  this  direction  that  the  Kational  Mnseam  may  claim  a  special 
importance  so  fkr  as  Korth  America  is  concerned.  With  the  exception  of 
fishes,  the  largel-  namher  of  objects  received  relate  to  archseology  and 
ethnology.  A  prominent  collection  of  this  character  is  that  transmitted 
by  Mr.  E.  W.  Nelson  from  Saint  Michaels.  This  embraces  illuBtrations 
of  the  handiwork  of  the  Esqnimaos  of  a  large  portion  of  Northwestern 
Alaska,  gathered  in  the  joorneys  made  by  Mr.  Nelson  under  great  risks 
and  privations.  They  inclnde  objects  of  special  interest  In  the  way  of 
modem  carvings  of  bone  and  stone,  as  well  as  many  pnrely  prehistoric 
articles  obtained  from  old  Esqnimaax  settlements,  long  since  aban- 
doned. Mr.  Nelson's  retam  is  expected  in  a  year  or  two,  and  he  will 
then  devote  himself  especially  to  the  preparation  of  a  series  of  elaborate 
reports  on  these  and  other  researches. 

Scarcely  Inferior  in  interest  and  value  are  the  ethnological  colleetions 
made  by  Dr.  T.  H.  Bean  and  Mr.  William  H.  Dall,  on  the  voyage  of  the 
United  States  schooner  Yukon,  to  which  reference  has  been  made  in 
previous  pages.  These  were  gathered  at  points  of  the  cruise  of  the 
vessel  on  her  jonmey  from  Sitka  and  various  landing  places  of  the 
North  Pacific  and  the  Arctic  Oceans. 

Oaptain  Beardslee,  of  the  Navy,  has  also  ftimished  some  valoable 
additions  to  the  Alaskan  series. 

The  collections  made,  under  the  diiectioD  of  Maj.  J.  W.  Powell,  by 
Mr.  James  Stevenson,  with  the  assistance,  first,  of  Mr.  Frank  H.  Gush- 
ing, and,  second,  by  Mr.  Qalbraith,  constitute  enormous  additions  of 
material  to  the  National  Museum,  illustrating  the  character  of  the  pueblo 
tribes  of  New  Mexico.  They  embrace  many  thousands  of  specimens  of 
pottery,  dresses,  ornaments,  weapons,  &c. 

For  fiirther  information  in  regard  to  the  smaller  collections  in  anthro- 
pology, reference  may  be  made  to  the  alphabetical  index  of  donors.  Of 
special  note,  however,  among  these,  are  some  objects  of  stone  collected 
by  Judge  HendetBOQ  from  the  Naples  mound  In  Illinois. 

From  Don  Ignacio  Galendo,  of  Monterey,  was  received  an  ancient 
mammy  from  a  cave  in  Ooahnila.  A  stone  image  from  Mr.  Latimer,  of 
Porto  Bico,  constitutes  an  important  addition  to  the  collection  of  Porto 
Bican  antiquities  bequeathed  to  the  Smithsonian  some  years  ago  by  Mr. 
George  Latimer,  his  uncle. 

Mr.  Figyelmesy,  of  Demarara,  has  sent  some  interesting  olgects,  con- 
sisting of  an  Indian  boat,  some  Indian  pottery,  &c. 

Of  joammals,  the  most  important  contribution  is  that  of  a  large  series 
of  fossil  bones  (including  some  reptiles)  from  Capt.  E.  Crawford,  U.  S. 
A-  These,  at  his  request,  have  been  placed  at  the  command  of  Pro- 
fessor Marsh  for  investigation. 

A  fine  skull  of  the  fossil  beaver  {Caatoroides)  was  obtained  by  ex- 
change from  Professor  Koet,  of  Adrian  CoU^e.  i,LiOOQIc 
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An  extremely  important  addition  to  the  oolleetion  of  North  American 
mammals  is  that  of  two  good,  moontable  skins  of  the  Siatriophooa 
egvestrig,  or  p^ti-colored  seal  of  the  Xorth  Faciflo,  of  which  only  a 
turned  sMn  had  been  previonsly  in  poaaession  of  the  Maseom.  These 
were  obtained  tiirongh  the  instrnmentaUty  of  Mr.  Dall. 

Dr.  White,  of  the  Bevenoe  Marine,  obtained  many  spedmens  of  foe 
deals,  inclnding  several  embryos  in  alcohoL  The  Alaska  Commercial 
Oompany  also  supplied  a  similar  collection.  Jadge  Oaton,  of  Illiuois, 
so  well  known  for  his  great  work  on  the  ruminating  animals  of  North. 
America,  has  famished  a  specimen  of  Sydropotes  tnermit,  a  smaU  horn- 
less deer  belonging  to  China. 

Captain  Howgate  has  presented  two  ftiU-blooded  Esquimaux  dogs, 
which  have  been  sent  to  the  Zoological  Garden  in  Philadelphia  for  safe 
keeping.  From  the  garden  itself  has  been  obtained  a  series  of  skele- 
tons of  monkeys  that  had  died  in  the  garden.  An  embryo  porpoise 
ftom  Mr.  E.  E.  Smfdl,  of  Frovincetown,  is  also  highly  rained. 

Of  birds,  many  collections  have  been  received,  ttie  most  important 
being  the  Alaskan  series  ftt)m  Mr.  Nelson,  Dr.  Bean,  and  Captfuu 
Beardslee.  Captain  Bendire  has  furnished  some  mnch-appreciated 
skins  &om  Washington  Territory;  and  a  series  of  the  birds  of  Cali- 
fornia, &om  Mr.  L.  Belding,  of  Stockton,  has  filled  some  important  g^>s 
in  the  collections. 

During  the  summer  Mr.  Bidgway,  curator  of  ornithology  in  the  Insti- 
tution, accompanied  by  Mr.  Henry  Marshall,  taxidermist,  and  followed 
BubaequentlybyMr.  F.  Jony,  aa  assistant  in  the  Museom,  visited  Cobb's 
Island  on  the  peninsula  of  Eastern  Virginia,  and  obtained  a  aeries  of 
adulte  anri  young  of  a  number  of  wator  birds  from  the  remarkable  breed- 
ing gronnda  of  that  island. 

A  few  specimens  of  Barrow's  Goldoi  eyed  dock,  in  the  fieah,  were 
furnished  by  Mr.  G.  A.  Boardman. 

The  barnacle  goose  (£er»*oIa  leucopsia),  presented  by  Mr.  J.  J.  Eendall, 
of  New  York,  is  the  first  Bpecimen  of  that  species  obtained  by  the 
Museum  from  a  locality  within  the  limits  of  the  United  States,  although 
a  skin  was  received  several  years  ^o  from  Hudson's  Bay. 

A  fine^-monnted  specimen  of  the  trumpeter  swan,  killed  in  Wiseon- 
«in,  was  furnished  by  Pro!  T.  KamUen,  and  a  mounted  sand  hill  crane 
by  Mr.  Prouty. 

The  accessions  of  birds  from  Mexico  and  Central  America  were 
fewer  than  uaual,  although  some  Interesting  Mexican  specimens  were 
famished  by  Pndbssor  Dog^ 

An  important  addition  to  the  West  Indian  collections  was  made  by 
Dr.  Nioholls,  of  Dominica,  in  the  form  of  a  new  and  large  species  of 
parrot.  This,  as  previonaly  stated,  has  been  described  by  Mr.  Law- 
rence as  Ckryaotia  rjoAvObu.  Mr.  Ober,  in  a  renewed  visit  to  the  West 
Indies,  also  added  considerably  to  his  farmer  gatherings  from  islands 
previously  onvisited  by  him.  The  first  series  of  his  collection8  waa 
^ataiued  by  ,the  Institntimi  and  placed  in  the  National  Mosem^ '  '-^ 
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The  additions  of  reptiles,  althongh  not  very  extensive,  have  been  very 
important,  especially  in  the  way  of  living  specimene  to  serve  as  models 
for  a  series  of  planter  casta.  Among  these  were  living  G-lla  monsters 
{ffehderma  au^eotum),  from  Di.  Ootsod  and  Dr.  Moraa,  of  tlie  United 
States  Army,  together  with  some  tnrtles  and  lizards. 

A  living  leather  back  turtle  was  sent  tmm  York  Biver,  Ohesapeake 
Bay,  by  Mr.  J.  Henderson.  Mr.  Bell,  of  G«ineeville,  Ma.,  transmitted 
a  magniSceat  series  of  most  of  the  serp^ite  of  that  State;  among  them 
a  banded  rattlesnake,  nearly  seven  feet  in  length.  These  have  been  for 
the  most  part  cast  ia  plaster.  Some  of  them  were  supplied  to  Dr.  Mason, 
of  N'ewport,  for  examination  and  to  serve  as  material  for  microscopical 
investigations  of  the  tissue  of  the  brain  and  spinal  marrow. 

Living  boas  were  flinusbed  by  Mr.  Edward  Newton,  of  Jamaica,  and 
Professor  Poey,  of  Havana,  the  latter  gentleman  sending  also  some 
Uviag  species  of  lizards  and  snakes. 

Mshea. — ^As  might  be  imagined  from  the  activity  manifested  daring 
the  year  by  the  United  States  Fish  Commission,  and  the  fish  census  of 
1880,  the  collection  of  ;fiskei  has  received  great  additions,  no  previous 
year  in  the  history  of  the  Sfational  Mnsenm  comparing  with  it  in  this 
respect.  The  most  important  contributions  in  this  department  consisted 
of  the  collections  by  Prof.  D.  8.  Jordan  and  Mr.  Oharles  H.  Gilbert,  of 
the  fishery  census.  These  gentlemen  devoted  a  nnmber  of  months  dur- 
ing the  year  to  the  Bystematic  investigation  of  the  food-fishes  of  the 
western  coast  of  the  United  States,  and  traversed  the  whole  region  from 
San  Diego  to  Paget  Sound  in  their  researches.  The  resalts  filled  65 
large  tin  cans,  of  4  to  6  cnbic  feet  each.  About  360  species  in  all  were 
obtained,  many  of  them  new  to  science.  Seventy  duplicate  sets  of 
specimens  were  secured  for  distribatioii  to  the  principal  museums,  at 
home  aud  abroad,  and  will  be  promptly  transmitted  to  their  respective 
destinations. 

Mr.  Gilbert,  aftor  completing  his  work  on  the  California  coast,  started 
on  his  homeward  journey  by  way  of  the  Isthmus  of  Panama,  and  has 
already  made  very  large  collections  in  the  Gulf  of  Califomia. 

Mr.  James  G.  Swan,  of  Neah  Bay,  Puget  Sound,  also  obtained  and 
transmitted  many  specimens  of  fishes  of  that  locality.  The  American 
waters  forther  to  the  nori:h  were  thoroughly  explored  in  the  interest  of 
ichthyology  by  Dr.  T.  H.  Beau.  The  resalts  amounted  to  between  80 
and  100  species,  some  of  them  new  to  science,  and  others,  long  lost  spe- 
cies, of  Pallas,  &o. 

Captain  Hoopw,  of  the  revenae  cutter  Oorvrin,  also  transmitted  some 
valuable  collections  fh)m  the  Arctic  Ocean,  among  them  a  species  of 
Coregonua  from  Point  B^row. 

Commauder  Beardslee,  of  the  sloop  of  war  Jameglmm  stationed  at 
Sitka,  secured  a  number  of  desirable  species.  One  of  the  most  interest- 
ing collections  of  the  year  was  that  made  by  Oaptain  Bendire  in  the 
interior  wateis  of  Washiiigton  Territory,  in  the  coarse  of  a  journey 
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institiited  hy  him,  vitb  the  pennissioiL  of  the  War  Department,  for  the 
purpose  of  Bolving  certam  problems  connected  Trith  the  fishes  of  the 
Oolmnbia  Edver  and  other  vaters,  and  especifdly  the  red  fish  of  the 
Wallowa  Lake.  His  collectioas  are  now  in  the  Mnseom,  and  will  be 
duly  reported  apon  at  the  proper  time. 

A  number  of  collections  of  f^li-water  fishes  from  the  interior  of  the 
contjnent,  especiall?  from  Utah,  were  famished  by  Mr.  G.  K.  G-ilbert, 
&c.  A  collection  of  MissiBsippi  Valley  flabes,  from  Fco£  Q.  F.  Hay,  is 
also  highly  prized. 

The  fishes  of  the  G-olf  of  Mexico  were  furnished  iu  large  numbers  dnr> 
ing  the  yeac  by  Mr.  Silaa  Steams,  of  Fensacola,  and  Mr.  S.  T.  Walker, 
many  of  them  undescribed  species. 

The  South  Atlantic  coast  is  represented  by  some  very  valuable  sped- 
mens  obtained  by  Mr.  C.  C.  Leslie,  a  fish-dealer  of  Charleston,  who  has 
previously  placed  the  Institution  under  many  similar  obligations.  He 
was  also  instrumental  in  securing  a  number  of  collections  made  from  the 
outer  islands  or  banks  of  tbe  southern  coast. 

Mr.  B.  E.  Earll  and  Gol.  M.  McDonald,  of  the  fishery  census,  have 
also  made  and  transmitted  many  extremely  interesting  collections,  all 
tending  very  greatly  to  complete  the  east  coast  species. 

The  first  specimens  of  the  eagle  ray,  sometimes  called  the  devil  fish, 
obtained  by  the  Institution  were  furnished  by  Lieutenant  Sweitzer,  U. 
S.  A.  This  species  sometimes  obtains  an  enormous  magnitude,  reach- 
iug  20  or  even  25  feet  across  the  fins. 

As  a  regular  contributor,  Mr.  E.  G.  Blackford,  of  Fulton  Market,  New 
York,  has  continued  to  fiimish  some  very  desirable  species,  his  vigilaooe 
being  constantly  exercised  to  obtain  whatever  he  thinks  is  new,  and  to 
forward  it  to  the  luatitudon. 

The  collections  made  by  the  United  States  Fish  Commission,  in  its  coast 
explorations  during  tbe  year,  have  been  of  nnusoal  value,  no  less  than 
20  undescribed  species  of  deep-sea  fish  having  been  taken  during  the 
summer,  with  others  not  previously  obtained,  but  already  known. 

As  usual  a  large  number  of  rare,  and  some  new,  species  were  obtained 
irom  the  members  of  the  Gloncester  fishing  fieet,  through  the  instm- 
meutality  of  Mr.  A.  Howard  Claik,  of  the  Fish  Commission,  stationed 
at  Gloucester.  The  most  noteworthy  additions  to  the  Museum  resulted 
from  the  work  by  the  Fish  Sa^ik,  on  the  edge  of  the  Gulf  Stream,  where 
four  day's  work  furnished  20  new  fishes  and  over  150  species  of  mol- 
lusks,  of  which  about  40  were  new  to  science.  Other  invertebrates  of 
interest  were  supplied  by  the  Gloucester  fishermen,  and  a  number  of 
desirable  species  were  obtained  by  Frofessor  Jordan,  Mr.  Swan,  Captain 
Beardslee,  and  Messrs.  Bean  and  Dall  from  the  Pacific  coast. 

Among  interesting  illustrations  of  the  progress  and  results  of  the  fish- 
cultural  operations  of  tSie  country  received  during  the  year  have  been 
several  species  of  salmonidse,  sent  in  by  Mr.  Stone  from  the  McCloud 
Biver.    Mr.  Hf.  K.  Fairbanks  has  furnished  a  specimen  of  Califbmia 
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salmon,  canght  in  Genera  Lake  dnring  the  sammer,  weighing  abont  19 
ponnds,  this  beisg  ondoabtedly  one  of  the  young  fish  introduced  into 
that  lake  eonie  years  before,  hatched  from  eggs  supplied  by  the  United 
States  Fish  Commission  from  the  McOload  Biver  establishment. 

Another  important  specimen  was  tiiat  of  a  carp,  tmn.  Mr.  G.  B.  Mob- 
ley,  of  Texas.  This  fish  was  one  of  a  sending  into  Texas  by  the  United 
States  Fish  Commission  in  April,  1880,  at  which  time  it  was  abont  4 
inches  long  and  probably  weighed  bnt  little  over  an  onnce.  Eight 
months  after  it  was  bronght  back  from  Texas  to  Washington,  measBT- 
ing  21  inches  and  weighing  more  than  fonr  ponnds!  a  very  remarkable 
illnstration  of  the  rapidity  of  the  growth  of  this  fish  in  America. 

The  acgnisition,  through  the  instrumMitality  of  Mr.  B.  "W.  Dennison, 
of  Boston,  of  a  large  brook  tront  was  also  a  subject  of  interest,  this  fish 
weighing  more  than  11  ponnds  and  being  one  of  the  largest  of  the  kind 
ever  taken  within  the  limits  of  the  United  States. 

Of  exotic  fishes  the  most  important  are  several  series  of  European 
species,  obtained  by  Mr.  Goode  at  Berlin  and  £ix)m  hia  colleagues  at  the 
International  Fishery  Exhibition. 

Befeieoce  to  these  will  be  found  on  another  page. 

A  collection  of  fishes  made  some  yeais  since  at  Beyront,  in  Syria,  by 
Dr.  Kidder,  of  the  Kavy,  was  received  last  year,  in  good  condition. 
Professor  Poey  has  continued  his  contribations  of  type  species  from  the 
Cuban  waters. 

A  valuable  miscellaaeona  series  of  fishes  was  supplied  bytheMnseutn 
of  ComparatJTe  Zoology  of  Cambridge,  embracing  species  tcom  both 
Korth  and  South  America. 

Mr.  Vinal  Edwai^s,  of  Wood's  Holl,  an  agent  of  the  United  States 
Fish  Commission,  has  also  continued  his  services  in  the  constant  watch 
for  rare  stragglers. 

In  the  preparation  of  the  exhibit  by  the  United  States  at  the  Inter- 
national Fishery  Exhibit  at  Berlin  in  1880,  invitations  were  sent  to  many 
firms  for  cootributions  of  specimens.  These  were  quite  readily  complied 
'  with.  Purchases  were  made  from  other  parties  who  declined  to  contrib- 
ute, and  who  consequently  lost  the  opportunity  of  coinpetition.  A 
special  catalogue  will  be  fiunisbed  of  this  seri^.  The  collectioas,  for 
the  most  part,  have  been  bronght  back  to  Washington,  to  form  part  of 
the  exhibit  of  fishery  products  in  the  new  Kationt^  Museum. 

Shells, — One  of  the  most  important  additions  to  the  colIeotioDS  of  the 
National  Museum  during  the  year  has  resulted  from  the  presentation  by 
Mr.  W.  G.  Binney  of  his  entire  collection  of  American  Land  Shells.  The 
history  of  this  division  of  the  mollusca,  so  fkr  as  Korth  America  is  con- 
cerned, is  closely  connected  with  the  name,  Mr.  Amos  Binney,  father  of 
WiUiam  G.  Binney,  having  devoted  especial  attention  to  the  air-breath- 
ing land  shells,  and  published  a  very  elaborate  and  costly  work  on  the 
subject.  The  son  took  up  the  same  group  with  the  material  left  by  Dr. 
Binney,  and  has  devoted  many  years  of  an  active  and  laborious  sciea- 
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tifio  career  to  it.  Id  the  collection  recseived  fi-om  Mr.  William  G.  Binney 
are  to  be  fonnd  tlie  types  of  botli  these  series  of  researclies,  furnlshiDg 
a  collection  scarcely  equalled,  certainly  not  sorpassed,  by  that  of  any 
other  maseuiu  in  the  country. 

The  possession  by  a  public  rnuseam  of  such  a  t^pe  colleotiou  as 
Mr.  Binney's  is  always  considered  a  matter  of  very  great  importance, 
especially  as  the  objects  are  thereby  more  assured  of  continued  preser- 
vation and  ready  accessibility  to  students.  It  is  to  be  hoped  that  ad- 
ditional donations  of  the  same  character  may  be  made  from  time  to 
time,  as  no  better  depository  can  be  found  in  any  other  establishment. 

Plants. — As  the  I>epartment  of  Agriculture  has  the  special  charge  of 
the  investigations  relating  to  the  vegetable  kingdom,  and  is  supposed  to 
take  the  necessary  steps  towards  securing  representations  in  its  her- 
barium, DO  special  efibrt  is  made  by  the  Smithsonian  Institution  to  invite 
or  secure  contributions,  although  whatever  is  leceived  is  immediately 
transferred  to  that  establishment.  The  only  accession  of  importance 
during  the  year  is  that  of  a  series  of  plants  of  Japan,  contributed  by  the 
Mombusbo  or  educational  department  of  Tokio. 

Fossils. — Of  fossil  remains  large  collections  of  invertebrates  have  been 
deposited  by  Gapt.  Groo.  M.  Wheeler,  and  others  have  been  presented 
by  Mr.  B.  H.  Lyon  and  other  paleontologists. 

Minerala. — Many  valuable  mineral  collections  have  been  received  from 
various  sources,  for  the  most  part  illustrating  economical  geology  rather 
than  geology  proper.  The  laigest  collection  has  been  that  of  eight  boxes 
collected  by  Mr.  Thomas  Donaldson.  Mr.  Anthony  Firz  has  furnished 
two  magnificent  stalactites  from  the  Adelsberg  cave  in  Camiola. 

Paintinga. — Among  the  collections  which  will  form  part  of  the  objects 
in  the  National  Museum,  a  very  interesting  and  instractivo  exliibit  will 
consiflt  of  the  Indian  portraits  and  scenes  painted  by  the  late  George 
Oatlin.  These  pictures,  all  &om  living  subjects  and  of  great  merit  as 
£uthful  portraitures  of  aboriginal  life  and  manners,  were  presented 
to  the  Institution  in  1879,  by  Mrs.  Harrison,  of  Philadelphia,  but 
the  paintings  have  necessarily  been  stored  since  their  receipt,  await 
ing  the  completion  of  the  new  Museum.  They  had  also  been  stored  in 
ware-rooms  Id  Philadelphia  for  many  years,  so  that  to  preserve  and 
present  them  in  a  suitable  manner  with  frames,  &c.,  will  require  con- 
siderable expenditure. 

Miacellanea. — The  institution  is  under  many  obUgations  to  General 
Meigs  for  the  presentation  of  medallion  likenesses  in  plaster,  of  the  size 
(tf  life,  of  George  Washington,  Abraham  Lincoln,  W.  F.  Seward,  and  Sal- 
mon P.  Ohase,  which  were  prepared  for  nse  in  the  extension  of  the 
U.  S.  Capitol  building.  As  works  of  art,  as  well  as  likenesses  of 
eminent  citizens,  they  are  regarded  as  of  much  value  toad  wiU  be  care- 
fully preserved  in  the  historical  and  art  department  o[  the  National 
Museum. 
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WorJc  done  in  the  Museum. — As  ia  previons  years,  the  time  of  the  sev- 
eral earators  of  the  Muaenm  and  of  their  assistants  haa  been,  to  a  great 
degree,  occnpied  in  receiving  the  collections  coming  from  various  sources, 
doing  to  them  what  is  necessary  for  their  permanent  preservation,  en- 
tering them  in  the  record-books,  properly  labelling  them,  and  then  plac- 
ing them  in  their  appropriate  receptacles. 

The  magnitude  of  this  labor  may  be  easily  onderstood  &om  what  has 
been  said  of  the  increase  of  the  Museum  during  the  year,  no  single 
establishment  in  the  United  States,  nor,  perhaps,  in  the  world,  being  in 
receipt  of  so  great  a  number  of  objects  requiring  such  treatment.  In 
moat  eatablishments  where  a  large  amount  of  material  is  received 
ftom  time  to  time,  this  comes,  for  the  most  part,  by  purchase  or  dona- 
tion, the  several  collections  having  already  passed  under  the  hands  of 
the  taxidermist  or  specialist,  so  that  all  that  remains  is  to  properly  place 
the  matter  in  a  position  for  permanent  preservation.  The  aggressive 
campaign,  carried  on  directly  or  indirectly  by  the  Smithsonian  Institu- 
tion in  nnoccupied  fields  of  research,  involves  a  greater  amount  of  labor 
in  treating  the  spoils  of  conquest.  A  statement  of  the  general  cii-oum- 
Btances  attendant  upon  the  trRiismission  of  a  miscellaneous  collection  of 
specimens  may  perhaps  serve  as  an  Ulustration  of  what  is  here  stated. 
Thus,  an  explorer  in  the  field  announces  that  he  has  transmitted  a  cer- 
tain collection  li*om  a  given  locality  to  the  Institution.  An  entry  is 
made  of  the  fact  in  what  is  called  the  annooncement  book,  which  is 
ruled  in  columns  to  show  successively  the  date  of  announcement,  the 
name  of  the  sender,  his  address,  the  point  firom  which  the  sending  is 
made,  the  general  nature  of  the  transmission,  the  agent  to  or  through 
whom  forwarded,  and  the  mode  of  conveyance.  There  are  then  left 
two  blank  columns,  one  indicating  the  date  of  the  arrival,  the  other  the 
freight  and  other  charges,  which  are  filled  up  at  the  prop^  time.  When 
the  package  arrives  the  date  is  entered  in  the  announcement  book,  and 
an  entry  made  in  another  volume  (the  transportation  record).  The  col- 
,lection  or  object  is  then  recorded  in  still  another  volume  (accessions  to 
the  Museum),  and  has  affixed  to  it  a  ".  donation"  number.  Should  there 
be  any  letter  or  memorandum  accompanying  the  parcel  or  consignment, 
with  fuller  details  than  simply  the  locality  and  sender,  it  is  transmitted 
with  the  package  to  the  general  curator,  under  whose  direction  the 
latter  is  opened  and  the  contents  assorted.  Mammals,  birds,  reptiles, 
&c.,  are  assigned  respectively  to  the  various  curators,  whose  business  it 
Is,  if  possible  without  delay  of  a  single  day,  to  enter  the  specimens 
in  the  respective  Museum  registers,. and  to  a£Qx  a  number,  as  inefface- 
able as  possible,  corresponding  to  the  entry  in  what  is  called  the  Muse- 


At  this  stage  it  is  not  necessary  that  the  specimen  be  accurately 
identified  and  named,  as  it  is  supposed  that  this  can  at  any  time  be 
done  by  the  specialist.  Oare,  however,  is  exercised  to  make  an  entry 
of  the  donor,  locality,  date,  and  other  &fit£  of  the  histoiyof  the  object 
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that  a  simple  inspection  or  stndy  will  not  famiah.  After  this  the  Tariorw 
articles  are  placed  where  they  properly  belong.  Some,  however,  require 
farther  treatment  by  the  taxidermist  or  otherwise. 

Should  the  specimens  belong  to  the  ethnological  series,  and  be  com- 
posed of  animal  snbstances,  as  of  woolen  material,  fbr,  &c.,  they  are  care- 
folly  treated  with  a  solation  of  corrosive  snblimate  in  alcohol,  so  as  to  pre- 
vent danger  from  insects,  and  finally  placed  in  the  cases  where  they  be- 
long, or  packed  away  nntU  they  out  be  properly  considered.  Of  course, 
collections  well  dried,  shells,  minerals,  fossils,  &&,  reqnire  little  treat- 
ment preliminary  to  their  final  disposition. 

This  Moeeum  work,  as  already  stated,  occupies  the  greater  part  of  the 
time  of  the  assistants,  although  most  of  them  find  the  occasion  and  the 
leisure  to  prepare  critical  monographs  in  regard  to  certain  species,  which 
are  then,  for  the  most  part,  published  in  the  Proceedings  of  the  National 
Httseum. 

The  total  namber  of  entries  in  the  record  books  of  the  Musenm  dur- 
ing the  year,  as  shown  by  the  detailed  list  appended,  embraces  14,586 
uombers,  averaging  probably  four  or  five  distinct  objects  to  each  entry. 
Where  a  number,  of  articles  of  the  same  general  character,  fcom  the 
same  locality,  are  received  from  the  same  donor  at  the  same  time,  the 
same  number  may  be  affixed  to  all  of  them,  as  in  the  case  of  a  colleetiou 
of  shells,  of  fossils,  of  stone  implements,  &c.  The  total  namber  of  en- 
tries and  dates  amounts  to  overa  quarter  ofa  million  (actually,  281,511), 
and  fill  over  60  large  foUo  ledgers. 

Among  the  more  special  investigations  conducted  by  l^e  naturalists 
of  the  InstitutioD,  apon  which  papers  have  been  prepared,  are  those  on 
archseology,  by  Dr.  Charles  Eau;  on  fishes,  by  Mr,  O.  B.  Goode,  and  Dr. 
T.  H.  Bean ;  on  the  birds,  by  Mr.  Bobert  Bidgway ;  on  the  fossils,  by 
Dr.  G.  A.White.  Dr.  P.M.  Endlich,  before  leavingfort^eWestlndles, 
and  subsequently  Dr.  F.  W.  Taylor,  made  numerous  examinations  aa 
well  as  Analyses  of  minerals. 

Among  investigations  by  collaborators  not  directly  connected  with  the 
Institution  have  been,  those  of  cmstacea,  by  Profe.  S.  J.  Smith,  Oscar 
Harger,  and  B.  B.  Wilson,  of  Tale  OoUege;  of  moUosks,  by  Professor 
Verrill  and  Mr.  Sanderson  Smith,  of  New  York ;  of  radiates  and  worms, 
by  Professor  Yerrill ;  of  reptiles,  by  Prof  E,  D.  Cope,  of  Philadelphia ; 
of  fishes,  by  Mr.  S.  E.  Oarman,  of  Cambridge ;  of  birds,  by  Mr,  George 
S.  Lawrence,  of  New  York,  Dr.  Elliot  Cones,  and  Mr.  Henshaw ;  of 
mammals,  by  J.  A.  Alien,  of  Cambridge,  and  Dr.  Cones. 

The  more  important  investigation  in  the  marine  invertebrates,  how- 
ever, has  been  made  directly  by  Prot  A.  E.  Verrill,  of  Yale  College,  or 
nnder  his  supervision.  The  insects  have  been  transmitted  to  Prof.  0. 
Y.  Biley  and  Professor  Comstock,  of  the  Department  of  Agriculture; 
the  plants  have  been  referred  to  the  Department  of  Agricultnre  or  to 
Prof.  Asa  Gray,  of  Cambridge. 

Work  done  on  coUeotions,-~^OT  a  number  of  years  past  the  Smithsonian 
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lostitation  has  been  in  receipt  of  Bonndiogs  taken  b;  vessels  of  the 
United  States  Kavy  in  varioos  paits  of  tbe  world,  and  they  have  been 
held  in  the  hope  of  being  able  to  make  some  definite  arrangement  for 
diaposing  of  them.  As,  however,  there  were  no  funds  of  the  SmiUison- 
ian  InstitatioQ  or  of  the  Xavy  for  meeting  the  cost  of  investigating 
them  and  publishing  the  lesnlts,  with  the  necessary  iltostrations,  nothing 
was  done  beyond  placing  them  in  chai^  of  Prof.  Hamilton  L.  Smith,  of 
0«neva,  IS.  Y.,  one  of  oar  best-known  micioscopists,  and  particnlarly 
interested  in  the  class  of  objects  referred  to. 

During  the  explorations  of  the  Challenger  puticular  attention  was 
pdd  to  tbe  collecting  of  samples  of  the  sea  bottom,  and  on  hei  return 
to  England  this  branch  of  research  was  placed  in  charge  of  Mr.  J.  Mor- 
r^,  and  at  the  request  of  this  gentleman,  indorsed  by  Professor  Smith, 
the  materifU  in  baud  was  sent  to  him  to  be  elaborat«d  in  the  prepara- 
tion of  tlLe  systematio  work  covering  the  entire  field.  This  was  with  the 
stipulation  iiiat  a  special  report  should  be  prepared  upon  the  material 
collected  by  the  vessels  of  the  Kavy,  to  be  published,  if  so  desired,  by 
the  Navy  Department. 

A  very  desirable  arrangement  has  been  made  during  the  year  by  the 
Institution  in  regard  to  the  large  collection  of  fossil  plants  brought  in  to 
the  National  Museum  by  the  explorations  ot  Dr.  Hayden,  Major  Powell, 
Lieutenant  Wheeler,  &c.  Prof.  L.  Lesqneienx,  of  Columbus,  Ohio, 
having  agreed  to  receive  the  coUection  in  mass,  to  pick  out  a  reserve 
series  for  tbe  Museum,  and  to  bring  all  the  duplicates  of  each  species  in 
separate  packages,  so  that  sets  can  be  readily  made  up  for  distribntimi 
to  the  educational  establishments  and  museums  of  the  United  States. 

The  material  sent  to  Professor  Lesquereux  fiJled  many  boxes,  and  a 
portion  of  the  reserve  has  already  been  returned  to  the  Institution, 
although  not  yet  unpacked  for  want  of  a  place  for  its  exhibition.  The 
work  will  be  completed  with  the  publication  of  a  leport  as  soon  as  cer- 
tain memoirs,  now  in  press,  are  published,  and  it  becomes  possible 
to  state  tlie  page  and  plate  where  each  type  specimen  is  illustrated. 

A  part  of  the  agreement  with  Professor  Leaquereux  is  for  the  prepa- 
ration of  a  complete  check-list  of  the  fossil  plants  of  America,  to  indude 
Greenland  and  Alaska,  to  be  used  in  connection  with  the  proposed  dis- 
tributiou  of  definite  specimens  and  for  the  final  arrangement  of  the 
reserve  series. 

Dr.  C.  A.  White  has  been  engaged  upon  tbe  examination,  classifica- 
tiou,  and  registering  of  the  paleontological  collections,  embracing  those 
which  have  for  many  years  been  in  the  possession  of  the  Museum,  as 
weU  as  those  which  have  been  more  recently  received,  preparatory  to 
their  final  arrangement  in  the  new  building.  This  work  of  investigatioa 
has  embraced  a  more  or  less  complete  study  of  those  forms  which  have 
been  found  to  be  new  to  science  or  otherwise  of  especial  interest,  and 
their  publication  and  illustration  in  the  Proceedings  of  the  Ifational 
Museum;  and  also,  incidentally,  the  separation  and  labeling  of  the  dnpU< 
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cate  specimens  for  esobange.  All  the  iavettebrate  fossils  at  present  in 
tlie  possession  of  the  Mnsenm  have  thns  passed  under  a  preHminaiy 
examination  by  Dr.  White. 

Among  the  resoltfi  of  the  investigation  of  the  invertebrate  fossils  may 
be  mentioned  the  recognition  of  Productm  giganteus  Martin,  in  a  collec- 
tion obtained  by  the  United  States  Fish  Commission  at  McCload  Eiver, 
OaL,  which  species  was  not  previously  known  to  occur  in  American  strata; 
the  recognition  of  Strialdandinia  aalteri  and  8.  davidsoni  Billings,  among 
some  Upper  Silurian  fossils  brought  from  INortliem  Gteorgia  by  Lieut. 
A.  W.  Yodges,  which  two  spedes  had  hitherto  been  found  only  in  the 
island  of  Anticosti. 

As  already  stated,  the  fossil  plants  have  been  referred  to  Prof.  Leo 
Lesquereuz  for  classlflcation,  which  work  is  now  in  progress  and  in 
large  part  completed,  the  specimens  as  f^t  as  they  weie  labeled  having 
been  returned  to  the  Museum.  The  greater  part  of  the  vertebrate  fos- 
sils have  not  yet  been  investigated,  but  a  considerable  number  of  boxes 
received  from  Capt.  G.  M.  Wheeler  contain  the  tyiJes  of  vertebrate  forms 
which  were  described  and  figured  by  Professor  Cope  in  Volume  IV 
Explorations  and  Surveys  west  of  the  100th  Meridian. 

A  large  proportion  of  these  paleontological  coUectioue,  vertebrates 
invertebrates,  and  plants,  consists  of  the  type  specimens  upon  which 
species  and  genera  have  been  founded,  and  many  other  species  and 
genera  are  represented  among  these  collections  by  authentic  examples. 
Among  them  are  the  types  of  the  greater  part  of  the  species  which 
have  been  pablished  in  the  reports  of  the  different  explorations  and 
surveys  by  authority  of  the  general  government,  and  by  the  Smithso- 
nian Institution  and  Kational  Museum. 

The  following  is  a  list  of  the  titles  of  the  articles  from  the  pen  of  Dr. 
White,  based  on  the  museum  collections,  which  have  been  published  in 
the  Proceedings: 

Descriptions  of  flew  species  of  Invertebrate  fossils. 
Kote  on  Endoth^a  ontata. 
Note  on  Crioeardium  and  Ethmocardiv/m,. 
Descriptions  of  New  Cretaceous  Invertebrate  Fmsils  from  Kuisas  and 

Texas. 
Note  on  the  Occurrence  of  Prodttdma  gtgaiUewa  in  CaUfomia. 
Note  on  Acrot^le. 

Description  ot  a  New  Cretaceous  Pinna  from  New  Mexico. 
Note  on  StriekUindima  salteri  and  8.  dtmidsoni  in  Georgia. 
Description  of  a  very  large  Fossil  Oasteropod  from  the  State  of  Pueblo, 

Mexico. 
Descriptions  of  New  Invertebrate  Fossils  from  the  Mesozoio  and  Ceno- 

zoio  rocks  of  Arkansas,  Wyoming,  Colorado,  and  Utalu 

JHatribution  <if  ditplioate  rpecim^ns. — It  is  a  qnestion  whether  any 
museum  has  ever  made  so  systeniatic,  thorough,  and  extensive  a  disposal 

U,j,,,;Jl,L.OOglC 


BEPOBT   OF  THE   8ECBETAB7.  61 

of  ita  sorplns  mateiial  as  has  been  made  by  the  SmithsoniaD  lastitutioa 
within  the  last  twenty-fire  years.  There  is  scarcely  a  public  museam  in 
the  country,  especially  if  connected  with  a  acientifio  society,  nniversity 
or  college,  that  has  not  received  a  share.  In  later  years  these  distriba* 
tions  have  been  extensive  including,  as  they  have,  the  surplus  stock 
gathered  by  the  extensive  operationB  of  the  United  States  Fish  Com- 
missioQ. 

An  additional  advantage  connected  with  these  distributions  is  the 
&tct  that  nothing  is  ever  sent  out  without  being  thoroughly  identified 
and  named  by  competent  masters,  so  that  the  objects  constitute  types 
of  the  utmost  value, 

The  extent  to  which  this  distrlbation  has  been  carried  during  1880 
may  be  understood  from  the  fact  that  it  embraced  over  14,000  specimens, 
each  accompanied  by  labels  showing  name,  locality,  &c.  The  total  num- 
ber of  specimens  distributed  to  date  is  not  much  shori^  of  half  a  million 
(actually  407,255). 

Assistants  in  tke  Mxiseum, — A.  large  appropriation  was  made  by  Con- 
gress for  the  service  in  the  N^ational  Museum  required  by  the  erection 
of  the  new  building,  and  available  first  in  1880,  This  required  a  reor- 
ganization of  the  entire  force  and  a  more  specific  definition  of  the  dnties 
and  responsibilities  to  the  Institution.  All  persons  who  bad  been  em- 
ployed received  a  specific  letter  of  appointment,  a  condition  of  which 
requiring  formal  acceptance  in  writing  was  that  the  incumbent,  during 
his  connection  with  the  Institution,  should  make  no  private  collections 
in  natural  history  of  any  kind  whatever.  This  rule  is  in  force  in  all  the 
European  museums,  and  is  considered  absolutely  necessary  for  their  inter- 
ests, as  the  curators  have  ample  opportunities  of  inducing  the  diversion 
of  materia  from  the  museum  to  themselves,  if  they  are  so  inclined.  In 
the  experience  of  the  Smithsonian  Institution  there  has  been  no  reason 
to  suppose  that  this  danger  is  to  be  guarded  against ;  but  it  was  thought 
best  to  establish  a  general  principle,  so  that  there  should  be  no  misun- 
derstanding at  any  time.  AH  the  persons  appointed  hare  agreed  to  the 
condition,  which  is  now  in  full  force. 

Courtesies  from  Foreign  Museums, — The  authorities  and  trustees  of 
the  British  Museum  have  been  engaged  for  several  years  in  the  pre- 
paration and  erection  of  new  buildings  at  South  Kensington,  for  tlie 
accommodation  of  the  natural  history  collections,  transferred  from  the 
location  where  they  have  been  housed  for  so  many  years ;  and  as  it  was 
presumed  that  the  architects  and  curators  of  the  museum  would  make 
a  very  exhaustive  study  in  regard  to  what  was  needed  for  the  exhibition 
of  the  specimens  in  the  new  building,  application  was  made  to  Dr.  Giin- 
ther,  the  chief  of  the  zoological  department,  for  such  information  as  he 
might  feel  at  liberty  to  render.  He  kindly  and  promptly  responded  by 
sending  numerous  drawings  and  specifications,  whichhave  been  carefully 
studied  and  made  good  use  of  in  connection  with  the  arrangements  for 
the  National  Museum  building. 
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The  directors  of  the  sdeDce  and  art  branch  of  the  Sootb  Keosington 
Maseam  have  very  kindly  sapplied  a  volnme  containing  engraved  plans 
and  elevatioDB  of  the  glass  cases  of  that  eatablishment. 

To  Prof.  A.  B.  Meyer,  of  Dresden,  the  InstitatioD  is  also  indebted 
for  drawings  of  certain  new  iron  oases  latdy  erected  in  the  Zoological 
Mnseam  of  that  dty.  He  added  to  the  obligation  also  by  having  pre- 
pared and  sent  to  na  the  elementary  parts  of  the  cases,  of  natural  size, 
BO  as  to  fbmish  a  better  idea  of  the  mode  of  constraction  and  fitting. 

THE  ETHNOLOaiCAl.  BDBSAU. 

As  in  previoos  years,  an  appropriation  was  made  by  Congress  for  the 
prosecatiou  of  researches  into  American  ethnology  in  1880,  nnder  the  di- 
rection of  the  Smithsonianlnstitation.  The  Bai>erintendence  of  this  work 
was  continned  in  charge  of  Prof.  J.  W.  Powell,  the  appropriation  being 
expended  partly  in  keeping  ap  the  office  organization  of  the  Bureau  and 
partly  in  continuing  the  series  of  special  reaearcbes  into  the  ethnology 
and  linguistics  of  the  Indian  tribes.  A  portion  of  tlie  appropriation  was 
also  expended  in  continaing  the  explorations  nnder  the  direction  of  Mr. 
James  Stevenson  into  the  ethnology  of  the  pueblos  of  New  Mexico.  In 
18T7  a  number  of  villages  were  visited  and  complete  collections  of  every- 
thing illastratingthelr  domestic  habits,  their  weaponsof  war  and  the  chase, 
their  religious  ceremonies,  &c.,  were  obtained.  During  the  present  year 
other  villages  were  visited  by  the  same  parties,  wid  large  collections 
were  made  and  shipped  to  Washington.  These  hare  not  yet  been  re- 
ceived, but  when  they  arrive  will  constitute  a  very  important  addition  to 
the  Kational  Mnsenm. 

In  addition  to  the  general  work  prosecuted  by  Major  Powell,  he  has 
been  requested  by  General  Walker  to  sopeiintend  the  work  of  taking 
the  census  of  the  Indians  for  the  census  of  1380}  and  for  this  purpose 
he  has  appointed  a  somber  of  agents  to  vlmt  varioos  portions  of  the 
United  States  for  cartyiog  oat  this  bosinees.  Mi^or  Powell  himself  has 
spent  a  number  of  months  in  the  flfeld  in  connection  with  the  same  work. 

BELATIONS    OP    THE    INSTErUTION   TO   OTHER   DEPART 
MENTS  AND  ESTABLISHMENTS. 

As  shown  by  the  past  history  of  this  Instltatton,  Its  i«lations  to  tbe 
different  departments  of  government  and  to  nameroas  establishments 
in  this  and  other  cities  have  been  varied  ukt  Important. 

The  OovcmmerU. — ^With  the  Library  of  Congress,  the  Institution  is 
brooght  int»  constant  Intercourse,  fh>m  the  manj*  contributions  of  valu- 
able scientific  works  and  journals  ooutinnally  made  ttoia  donations,  ex- 
changes, puTohaaes,  and  other  sources.  With  the  Army  Medical  Museum 
there  is  the  exchange  of  anatomical  ot\jwts  ftw  of  '*■!  and  xool''"""' 

specimens.    With  the  Signal  Offlo«  of  tbo  Wa  '^w 

been  interchanges  of  met«orologtoRl  obaervat 
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the  Interior  Department  has  naturally  arisen  a  freqnent  comnianication 
relative  to  the  material  and  information  derived  from  the  various  gov- 
emment  explorations  aud  geological  sarveys.  The  TreoBory  Depart- 
ment has  had  occasion  to  institate  investigations  relative  to  the  precise 
identification  of  manufactured  and  other  articles,  and  the  methods  of 
detecting  snbstitationB  or  adulterations,  with  special  reference  to  cus- 
toms duties  and  the  prevention  of  fraud  in  the  collection  of  revenue. 
With  the  United  States  Ooast  and  Geodetic  Survey,  interesting  rela- 
tions have  sprang  np  relative  to  certain  features  in  physical  geography. 
The  scientific  character  of  the  !Na1ional  Observatoiy  has  naturally 
brought  about  an  affiliation  of  the  interests  and  purposes  of  the  two 
institutions,  and  co-operation  has  been  maintained  especially  with  refer- 
ence to  the  international  transmission  of  astronomical  discoveries  by 
telegraph.  To  the  custody  of  tiie  Agricultural  Department,  the  In- 
stitution has  transferred  &om  time  to  time  all  the  entomological  and 
botanical  material  coming  into  its  possession  from  the  contributions  of 
its  nnmeroos  correspondents. 

Gallery  of  Art. — ^In  conformity  with  the  established  policy  of  the  In- 
stitution— "  co-operation  rather  than  competition " — it  has  made  the 
Corcoran  Art  Gallery  its  depository  of  any  works  of  fine  art  it  may  re- 
ceive by  exchange  or  otherwise. 

A  portrait  which  is  claimed  to  be  an  original  likeness  of  General 
Washington  was  sent  to  the  Institution  by  Mr.  E.  0.  Bruce,  of  Virginia, 
to  be  placed  on  exhibition  in  hopes  of  finding  apurchaser  at  a  satisfac- 
tory price.  This  portrait,  said  to  have  been  panted  by  Mr.  Polk,  was, 
witb  the  consent  of  the  owner,  deposited  in  tiie  Corcoran  Art  Gallery, 
where  it  is  now  on  exhibition. 

In  the  early  part  of  the  year  a  letted  was  received  from  Mr. 
W.  W.  Evans,  of  New  Tork,  suggesting  that  communication  be  ad- 
dressed to  the  Government  of  Italy  for  the  purpose  of  obtaining  some 
of  the  numerous  duplicates  secured  by  the  latter  in  the  progress  of  the 
excavations  at  Pompeii.  In  pursuance  of  the  suggestion  a  correspond- 
ence was  entered  into,  through  the  American  minister  in  Rome,  with  the 
proper  anthorities  in  Italy.  This  is  not  yet  concluded,  bat  it  is  thought 
that  whenever  a  suitable  exchange  can  be  offered  on  the  part  of  the  Na- 
tional Masenm  the  desired  object  may  be  accomplished. 

In  connection  with  the  subject  of  art,  a  favorable  mention  should  be 
made  of  a  li^size  bnst  of  Professor  Henry,  by  Mrs.  C.  S.  Brooks,  of 
New  York,  now  on  exhibition  in  the  Begente'  room  of  the  Smithsonian 
building.  This  bust,  of  considerable  merit  as  a  portraiture,  is  remark- 
able as  having  been  modelled  entirely  from  a  photograph. 

Polaris  ^xtpedititm. — The  history  of  the  expedition  of  Gapt.  C.  F.  Hall 
in  the  direction  of  the  North  Pole,  on  the  steamer  Polaris,  and  its  gen- 
eral tesults,  have  already  been  referred  to  in  previous  reports.    As  was 
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to  be  expected,  Congress  made  a  libei^  proviaioa  for  the  pnblioatsoa  of 
tfae  results  of  the  expeditioo.  The  narrative  volame  was  prepared  ou- 
der  the  snperrision  of  Admiral  Davis,  at  the  time  8uperiut«ndeQt  of  the 
Saval  Observatory  at  this  city,  aud  the  volnme  of  physical  insults,  pre- 
pared xmA&c  the  direotioa  of  Br.  Eioil  Bessels,  the  chief  of  the  scientific 
corps  of  the  expedition,  and  printed  by  Gongresa.  There  still,  however, 
remains  a  large  amount  of  material  relating  to  the  geology,  natoral  his- 
tory, and  ethnology  of  arctic  America,  and  Dr.  Bessels  has  been  con- 
tinuing the  elaboration  of  this  work  for  pnblicattOD,  having  a  room  in 
the  boJlding  assigned  for  the  purpose. 

CoDgreas  at  the  last  session  made  an  appropriation  of  9S,000,  and 
placed  it  under  the  direction  of  the  Smithsonian  Institution,  to  be  ex- 
pended in  preparing  this  material  for  final  publication.  The  supervi- 
sion of  the  work  was  placed  in  Dr.  Bessel's  haada,  and  in  order  to  com- 
plete his  researches  on  the  history  of  the  Esguimanx,  it  became  necessary 
for  him  to  visit  Oopenhagen  and  have  conference  with  Dr.  BLak  in  ref- 
erence to  that  branch,  as  also  to  stndy  the  collections  in  the  Oopenhagen 
Museum.  He  has  been  very  sucessful  in  his  mission,  and  expects  to  re- 
turn in  February,  and  immediately  thereafber  to  begin  the  printing  of 
his  final  report.  By  authority  of  the  Secretary  of  the  Treasury  the  dis- 
bursal  of  the  fimds  waa  placed  in  charge  of  Mr.  Iliomas  J.  Hobbs,  one 
of  the  disbursing  clerks  of  the  Treasury  Dep&Mment. 

The  Alashi  Commercial  Company. — For  many  years  the  Alaska  Com- 
mercial Company  has  aoted  to  a  great  degree  aa  the  agent  of  the  Smith- 
sonian Institution  on  the  Pacific  coast,  and  the  heartiest  acknowledge- 
ments are  due  for  its  assistance  during  the  year  18S0,  as  well  as  in  pre- 
vious years.  It  has  not  simply  been  the  agent  for  the  transmission  or 
reception  of  packages  between  Washington  and  San  Francisco,  but  has 
readily  nndertaken  the  purchase  of  supplies  and  thdr  transmission  to 
the  agents  of  the  Institution,  in  many  cases  making  large  money  ad- 
vances. The  entire  busings  has  necesaarily  involved  the  employment 
of  much  official  time,  and  in  some  cases  doubtless  considerable  annoy- 
ance. This,  however,  has  been  cheerfully  rendered  by  the  company 
without  any  consideration  whatever. 

The  company  has  also  made  many  oontribntions  to  the  Mnsenm  fh>in 
the  collections  sent  t^i  It  by  its  own  agents. 

Centeanial  Commiaaum  Arehives. — In  the  latter  part  of  1880  a  meeting 
of  the  executive  committee  of  the  International  Exhibition  of  1876  was 
held  in  Philadelphia  for  the  purpose  of  closing  up  the  business  of  the 
exhibition.  It  was  then  decided  to  deposit  all  the  archives  of  the  com- 
mission in  the  National  Museum  at  Washington,  and  the  Secretary  of 
the  Smithsonian  Institution  was  notified  of  this  action. 

The  valne  and  importance  of  these  papers,  plans,  &a,  will  uteres^ 
with  time,  and  the  determination  of  the  commission  to  secure  for  them 
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permanent  preservation  at  the  nattonal  Oapital  is  to  be  conslderod  as 
patriotlo  and  jndioiooa.  I  have  formally  aasored  the  commiaeioD  of  tbe 
willingiiess  of  the  InstitatioD  to  receive  the  articles  as  soon  as  asnitable 
place  can  be  prepared  in  the  now  Mueenm  for  their  reception. 

N^aHonal  Academy  of  S<nenees. — The  regular  meeting  of  the  Kational 
_  Academy  of  Sciences  was  held  in  Washington  on  the  20th  day  of  April, 
the  accommodations  being  fomistied,  as  in  1879,  by  the  otScers  of  All 
Souls'  Gharch.  It  ishoped  that  atnodietantday  it  maybe  in  the  power 
of  the  Smithsonian  Institntion  to  again  offer  the  necessary  facilities  of 
room,  Sec.,  to  the  Academy.  Prof.  Wm.  B.  Rogers,  president  of  the 
Academy,  presided,  and  the  meeting  was  in  every  way  a  saccessful  one, 
a  very  large  proportion  of  the  members  being  in  attendance  and 
man;  interesting  papers  commnnicated.  As  the  early  history  of  the 
Academy  was  closely  connected  with  that  of  the  Smithsonian  Institu- 
tion, by  reason  of  Professor  Henry  having  been  tho  president  for  many 
years,  the  flies,  correspondence,  and  archives  were  searched  for  data 
illnstrating  this  relationship,  and  the  results  transmitted  to  Professor 
Bogers. 

Paris  Intematioital  Congress  and  E:vposition  relative  to  Electricity. — 
Throngh  the  conrtesy  of  the  State  Department,  this  Institution  received 
early  copies  of  circulars  and  programmes  relative  to  a  proposed  inter- 
national congress  of  electricians,  and  also  to  an  international  exhibition 
of  electrical  apparatus  and  applications,  to  be  held  at  Paris  in  1881. 
These  papershavo  to  some  extent  been  appropriately  distributed.  By ' 
an  ofGcial  decree  of  President  Gr^vy,  of  the  French  Kepublic,  dated 
October  23,  1880,  a  congress  of  electricians  is  invited  to  meet  at  Paris 
on  tho  15th  of  next  September  (1881),  the  presiding  of&cer  of  which 
body  will  be  the  minister  of  the  postal  service  and  telegraphs,  M.  - 
Ad.  Cochery.  An  international  exposition  of  electrical,  apparatus  of 
all  kinds,  designed  for  the  production,  propagation,  and  utilization  of 
electricity  (as  well  as  of  all  memoirs  and  treatises  relating  to  that  subject) 
Is  appointed,  to  be  held  in  the  palace  of  the  Champs  Elys^es,  from  the 
Ist  of  August  to  the  15th  of  November,  1881.  M.  George  Berger  has 
been  appointed  the  commissioner-general  of  the  congress  and  of  the  ex- 
hibition. 

As  a  token  of  interest  and  co-operation  in  this  enterprise,  the  Insti- 
tution has  sent  to  the  commission,  for  deposit  in  the  bibliographical 
class,  a  copy  of  each  of  its  pubUcations  relating  to  electricity  and  tGt- 
restrial  magnetism,  to  wit,  four  numbers  of  its  octavo  series  (of  Miscel- 
laneous Collections],  and  thirteen  nambers  of  its  quarto  series  (of  Smith- 
sonian Contributions). 

Becognitio»  by  Foreign  OovemTnenU. — A  gratifying  testimonial  to  the 
appreciation  of  the  Smithsonian  Institution  in  its  labors  connected  with 
the  results  of  international  exchMiges,  &c.,  was  furnished  by  the  action 
S.  Mis.  31 5  .,'^.OOg\C 
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of  the  Internatioiial  Ezposition  in  Sydney,  Australia,  in  presenting  to  it 
a  bronze  medal,  although  no  exhibit  of  any  kind  was  made  by  tiie  iDStitn- 
tion  on  that  occasion. 

HISOBLLANEOnS  HATTEBS. 

Zos8  of  Employ^  and  Collahoratorg. — It  is  seldom  that  a  year  passes 
vitliout  entailing  the  monmfal  task  of  recording  the  loss  by  death  of 
one  or  more  of  those  who  have  been  either  directly  employed  by  the 
Institution,  or  have  rendered  it  assistance  in  the  prosecntion  of  its  varied 
scientific  operations.  In  the  necrology  of  the  past  year,  several  valued 
names  are  to  be  included. 

In  the  death  of  Dr.  Thouas  M.  Bbsweb,  at  his  residence  in  Boston, 
on  the  2d  of  January  last,  the  Smithsonian  Institution  loses  one  of  its 
best  and  earliest  friends,  and  one  vbo  always  rendered  important  serv- 
ice in  his  capacity  as  editor  of  a  leading  Boston  daily  Journal,  and  did 
much  toward  keepiog  the  pubUc  advised  of  the  true  spirit  of  the  opera- 
tions of  the  Institution. 

In  his  death  the  science  of  ornithology  loses  one  of  its  earliest  votaries, 
coDstitnting,  as  he  did,  a  o!>nnecting  link  between  the  present  epoch  and 
the  period  of  Audubon  and  Nuttall,  Dr.  Brewer's  specialty  was  in  his 
knowledge  of  the  history  and  the  habits  of  birds,  and  especially  of  their 
nidification,  and  he  has  always  been  the  highest  authority  on  everything 
relating  to  the  eggs  of  North  American  species.  Many  years  ago  he 
planned  an  exhaustive  work  on  North  American  Oology,  to  be  illustrated 
by  the  best  drawings  that  could  be  procured,  and  an  agreement  was 
made  by  the  Smithsonian  lustitation  to  publish  this  work  in  saccessive 
parts.  The  first  nnmber  of  this  North  American  Oology  was  published 
by  the  Institution,  and  embraced  more  particularly  the  rapacious  birds, 
the  swallows,  the  goat-suckers,  and  the  king-fishers.  This  publication 
took  place  at  a  time  when  the  knowledge  of  North  American  birds  was 
undergoing  many  changes,  resulting  from  the  expansion  of  the  territory 
of  the  United  States  and  the  better  knowledge  of  its  different  portions. 

The  further  publication  was  deferred  for  a  time,  but  arrangements 
were  being  made  at  the  time  of  his  death  to  take  up  the  work  again  and 
cany  it  to  its  completion. 

Dr.  Brewer  has  done  a  great  deal  towards  popularizing  American 
ornithology  by  his  investigationB  and  correspondence  with  ornithologi- 
cal students  of  all  grades  of  advancement.  To  no  one  so  much  as  to  Dr. 
Brewer  is  due  the  love  of  ornithology  that  is  so  prevalent  in  New  Eng- 
land. '  In  1840,  he  published  an  American  edition  of  Wilson's  Ornithol- 
ogy, which  met  for  a  time  a  much  felt  want,  and  he  has  also  published 
a  large  nnmber  of  papers  on  ornithological  subjects.  His  most  im- 
poriant  work,  however,  was  in  connectidn  with  the  History  of  North 
American  Birds,  by  Baird,  Brewer,  and  Eidgway,  printed  by  Messrs. 
Little  &  Brown,  in  1873,  of  which  three  volumes  have  so  far  appeared, 
namely,  those  on  land  species.    Of  these  the  entire  biological  text  was 
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fhmislied  by  Dr.  Brewer.  At  the  time  of  hia  death,  he  left  behind  the 
mannscript  of  the  water-bird  portion  of  the  same  history.  This  te  now 
in  tbe  bands  of  Mr.  Alexander  Agassiz,  and  will  probably  be  pnblisbed 
soon  as  one  of  the  remaining  portions  of  tbe  work. 

Dr.  Brewer  had  been  througbont  bis  life  one  of  the  chief  supporters 
of  the  Boston  Society  of  Katural  History,  of  which,  indeed,  be  was 
one  of  the  founders,  occupying  year  by  year  important  posts  in  con- 
nection with  the  society;  and  his  influence  upon  it  cannot  easily  be  over- 
estimated. 

After  giving  np  his  editorial  connection  with  the  Boston  Atlas  and 
Traveller,  Dr.  Brewer  entered  into  business  as  a  publisher  and  book- 
seller ;  and  retiring  from  this  a  lew  years  ago,  he  spent  a  year  and  a 
half  in  travelling  in  Europe,  in  the  course  of  which  he  visited  all  tbe 
ornithological  and  oological  establishments,  and  arranged  special  con- 
nections between  their  owners  or  the  curators.  Partly  as  tbe  result  of 
this  visit,  and  partly  of  long-continued  and  persistent  efforts,  he  became 
possessed  of  one  of  tbe  finest  general  collections  of  eggs  in  the  world, 
but  especially  rich  in  the  iN'orth  American  species.  These  collections  he 
caused  to  be  passed  over  at  bis  death  to  the  Museum  of  Comparative 
Zoology  of  Cambridge,  where  tbey  are  safely  preserved,  and  constitute 
one  of  the  most  striking  features  of  that  great  mnseum. 

The  death  of  Mr.  James  W.  Milher,  which  occurred  at  his  residence, 
Waukegan,  Illinois,  on  the  6th  of  January,  1880,  was  a  serioos  loss  to 
tbe  science  of  fish-cnltnre.  Mr.  Milner  had  been  connected  with  the 
United  States  Fish  Commission  as  assistant  commissioner  for  many 
years  past,  liaving  been  in  its  service  indeed,  from  the  first  year  of  its 
organization.  He  commenced  his  labors,  as  a  collector  of  statistics  in 
regard  to  tbe  fisheries  of  the  great  lakes,  the  results  of  which  appear 
in  the  reports  of  tbe  commission.  In  later  years  he  had  had  charge 
more  particularly  of  the  division  of  the  propagation  of  food-fishes,  in 
tbe  course  of  which  he  invented  or  brought  into  use  many  Important 
practical  discoveries.  In  the  course  of  his  visits  to  different  parts  of 
the  country  he  also  took  occasion  to  make  extensive  collections  in 
natural  history  for  the  National  Museum,  all  of  which  are  recorded  in 
its  catalogues. 

Mr.  Milner's  illness  was  induced  by  a  severe  cold  (taken  in  the  spring 
of  1878,)  which  assumed  a  malarial  tendency,  and  required  his  return  to 
Lake  Michigan  for  recuperation.  He  again  assumed  charge  of  bis  work 
in  the  autumn  of  that  year,  organizing  tbe  arrangements  for  the  hatch- 
ing of  codfish  by  the  United  States  Fish  Commission  at  Gloucester,  in 
tbe  months  of  October  and  Kovember.  His  increasing  indisposition, 
however,  made  it  necessary  for  him  to  go  to  some  other  locality,  and  he 
returned  to  Washington,  and  after  spending  a  short  time  he  went  to  Flor- 
ida, where  he  remained  during  the  winter. 

He  retnmed  to  Waukegan  in  the  spring  of  1879;  but  this  season  was 
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physioiaji  Le  visited  Colorado  for  th«  sanuner.  He,  howeTer,  &iled  to 
improve,  and  was  brought  to  Wanbegao  in  the  aatonm,  and  aft^  madi 
snffering  died,  aa  Btated,  on  the  6th  of  Janoaty,  1880. 

A  man  of  modeat  and  agreeable  demeanor,  Mr.  Milner,  by  careM  obser- 
vation and  study,  had  mastered  the  theory  and  practice  of  fleb-coltnre, 
and  had  himself  made  many  important  improvements.  His  loss  to  the 
Fish  CommiBsion  is  one  which  it  will  be  extremely  difficult  to  replace. 

Mr.  J.  HoMEB  Lake  must  be  mentioned  as  a  valued  collaborator  of 
the  Institution,  who  died  in  this  city  May  3d  of  the  past  year.  A  grad- 
uate of  Tale  College,  he  commenced  his  career  as  a  teacher.  His  high 
scientific  and  mathematioal  attainments  having  become  known  to  the 
Superintendent  of  the  United  Stirtes  Coast  Survey,  be  was  early  ap- 
pointed to  a-i>08iti<Mi  in  that  branch  of  the  public  service.  About  the 
year  1S47,  on  the  recommendation  of  Professor  Henry,  Mr.  Lane  was 
transferred  to  the  United  States  Patent  Office,  as  opening  to  him  a  more 
varied  and  active  occupation ;  and  he  discharged  the  responsible  dnties 
of  an  Examiner  in  that  institntion  with  a  pains-taking  fideli^  for  many 
years.  On  the  death  of  Mr.  Saxton,  who  had  charge  of  the  construc- 
tion and  verification  of  the  national  and  metric  standiwds  (under  the 
Coast  Survey  Office),  Mr.  Lane  was  recalled  to  that  boieau  to  fill  tim 
vacancy, — a  position  held  by  him  till  his  death. 

Mr.  Lane  had  given  considerable  attention  and  stndy  to  tbe  mathe- 
matical theory  of  electricity,  and  in  1S59  be  conducted,  at  the  reqoest 
and  nnder  the  general  supervision  of  Professor  Heniy,  a  series  of  ex- 
periments for  this  Institution,  on  several  points  of  scientMo  interest 
relating  to  the  Atlantic  telegraph,  a  brief  notice  of  which  investiga- 
tion was  given  in  the  Smithsonian  Beport  for  1859,  p.  38.  To  Mr.  Lane 
was  idso  occasionally  referred,  for  examination  and  report;,  commnnica- 
tiona  or  memoirs  requiring  for  their  thorongh  treatment  a  special  famili- 
arity with  the  higher  mathematics.  In  1866,  he  nndertuok  an  elaborate 
investigation  into  the  conditions  of  successive  expansion  or  rar^tctioB 
in  gases,  having  particalariy  in  view  a  more  precise  determination  <rf 
the  absolnte  zero  of  temperature.  In  these  experiments  he  was  assisted 
by  apparatus  specially  constructed  for  him  by  the  Institution. 
His  fastidious  desire  for  extreme  accuracy  led  him  to  postpone  the 
publication  of  results  until  it  is  feaired  that  the  valuable  work  actually 
accomplished  by  him  in  this  direction  wiU  not  be  available  for  the  pro- 
motion of  knowledge  among  men,  to  which  purpose  he  had  so  long  and 
earnestly  devoted  himself.  Mr.  Lane  was  remarkable  for  the  logical 
clearness  of  bis  mind  and  the  strict  conscientiousness  of  his  moral 
natnre. 

When  Mr.  William  H.  Dall  returned,  in  1873,  ih)m  his  labors  in 
Alaska,  under  the  direction  of  the  United  States  Coast  Survey,  he 
brought  with  him  a  young  Aleute,  named  Gbobub  Tsaboff,  who  com- 
mended himself  to  him  by  his  inteUigence.  With  ^e  aid  of  some 
persons  interested  in  education,  Mr.  Dall  secured  for  his  prot^g^  Em  ex- 
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celleat  edacation  in  Michigan,  in  the  conrse  of  which  he  learned  to  rea<l. 
write,  and  «peak  the  English  language  with  great  readiDCss.  On  com-  ' 
pleting  hia  coarse  of  edacation,  he  waa  brought  to  Washington  as  an 
assistant,  and  placed  in  charge  of  the  large  ethnological  hall  in  the  sec- 
ond story  of  the  hniMing,  hia  daties  being  to  keep  everything  in  order 
and  to  act  as  a  guide  to  visitors.  These  he  performed  with  effi<iiency, 
himself  constitnting  an  extremely  interesting  exhibit — that  of  a  native 
Indian,  well  edncated  and  instructed,  and  able  to  explain  the  special 
objects  and  applications  of  many  articles  manufactured  and  used  in  his 
own  country. 

I  regret  to  say  that  this  interesting  assistant  was  attacked  by  con- 
sumption, and  fbr  greater  convenience  of  careful  treatment,  he  was  re- 
moved to  Providence  Hospital  on  the  2d  of  March,  where  he  died  on  the 
8th  of  May. 

Among  the  deaths  of  those  deserving  special  notice  in  this  report 
is  that  of  Mr.  WnxiAM  Q.  Pobcb,  who  for  many  years  had  charge  of 
the  meteorological  department  of  the  Institution.  He  was  the  son  of 
General  Peter  Force,  of  Washington,  at  one  time  mayor  of  the  city,  and 
well  known  for  his  devotion  to  the  study  of  American  history.  His  col- 
lection of  books  ia  this  department  was  the  largest  in  the  country,  and 
was  purchased  by  the  government  for  theLibrary  of  Congress.  In  the  col- 
lection of  these  books  and  in  the  preparation  of  the  "American  Archives  " 
Mr.  William  Q.  Force  was  the  principal  assistant  of  his  fother.  He  also 
edited  and  published  the  "Army  and  Navy  Chronicle  and  Scientific 
Repository,"  and  several  works  relating  to  history  and  statistics.  He 
graduated  at  Columbian  College  in  1839,  studied  law,  and  in  1857  took 
charge  of  the  meteorological  department  of  the  Smithsonian  Institution, 
discharging  the  duties  of  the  position  for  eleven  years  \vith  marked 
fideUty  and  abihty.  He  resigned  on  account  of  an  attack  of  Illness, 
which  caosed  a  permanent  derangement  of  his  nervons  system,  and  he 
devoted  the  remainder  of  his  life  to  literary  pursuits  and  to  quiet  and 
nnobtrusive  deeds  of  charity. 

He  held  several  important  positions  of  honor  and  trust  in  connection 
with  religious  and  educational  enterprises  and  establishments,  in  all  of 
which  he  was  noted  for  his  scmpalous  honesty,  purity,  and  fidelity.  In 
all  the  relations  of  life  he  was  a  noble  example  of  a  man  wholly  actuated 
by  Christian  principle,  and  whose  practice  conformed  rigidly  to  his  pro- . 


Ji&-endt  manuscripts. — The  long-continued  labors  of  Dr.  Cabl  Hbb- 
iiAWTf  Bebenst,  in  Mexico  and  Central  America,  relating  to  the  eth-  ' 
nology  and  philology  of  the  native  tribes,  prcfflecuted  to  a  certain  degree 
under  the  auspices  of  the  Institotion,  have  been  detailed  in  its  previous 
reports  at  various  times  WiUiin  the  last  twenty  years  and  more;  and  it 
Is  with  great  regret  that  I  have  to  announce  the  death  of  that  gentleman 
in  the  city  of  Guatemala  on  the  12th  of  April,  1878. 

He  left  his  valuable  maooscripts  and  rare  books  with  Mr.  B.  Wester- 
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maun,  of  TSew  York,  aod  many  similar  articles  ■were  in  hia  own  rooms  in 
Guatemala.  These,  by  an  arrangemtint  with  his  executor,  Mr.  Weat^v 
mann,  were  gathered  together  by  Mr.  Francis  Sarg,  a  fellow  countryman, 
who  was  also  a  resident  of  Guatemala;  and  by  the  kind  mediation  of 
Gapt.  John  M.  Bow,  forwarded  to  the  Smithsonian  Inatitation,  filling 
five  boxes. 

An  inventory  of  this  property  was  made  by  the  loBtitution  and  trans- 
mitted to  Mr.  Westermann,  who  also  had  prepared  a  catalogue  of  the 
first  collection,  the  whole  of  which  constitutes  a  very  important  mass  of 
historical  and  scienliflc  matter,  both  in  print  and  mannscript;  and  it  is 
to  be  hoped  that  some  arrangement  may  be  made  by  which  this  can  be 
added  to  some  public  library  in  the  country,  and  no  better  depository 
could  be  found  than  the  Library  of  Congress. 

Although  engaged  for  many  years  in  the  researches  referred  to.  Dr. 
Berendt  had  printed  but  little,  so  that  unless  his  mannscripts  are  care- 
fully edited  and  published,  his  life  work  will  have  left  but  little  on  record. 
With  an  assurance  of  long  life  and  an  ultimate  opportunity  of  publica- 
tion, a  feeling  not  uncommon  among  literary  men.  Dr.  Berendt  allowed 
the  opportunity  of  presenting  his  labors  to  pass  while  aiming  at  further 
perfection. 

Bojiations. — A  large  fireproof  safe  was  presented  to  the  Institution 
for  the  National  Museum  by  the  Herring  Safe  Company  of  ITcw  York  j  a 
notice  of  which  was  given  in  the  last  Beport.  This  safe  has  just  been  re- 
ceived, and  is  an  admirable  specimen  of  the  well-known  skill  of  this  enter- 
prising company.  It  stands  about  seven  feet  high,  and  by  its  fine  finish 
forms  an  attractive  piece  of  furniture.  It  will  prove  a  very  nsefal  re- 
ceptacle for  small  objects  of  special  rarity  and  value  belonging  to  the 
Museum. 

Mention  should  be  made  of  several  other  contributions  of  interest. 
One  of  such  has  been  a  pair  of  Howe  scales,  presented  by  Messrs.  F.  P. 
May  &  Co.,  of  Washington,  the  agents  of  the  Howe  Company.  These 
scales  have  been  placed  in  the  entraDce  hall  of  the  Institution,  and  are 
constantly  iu  use  for  weighing  visitors. 

Among  the  contributions  to  the  Institution  of  a  miscellaneous  char- 
acter daring  the  year  is  that  of  a  hydro-pnenmatic  fire-extinguisher,  pre- 
.sented  by  the  agent  of  the  company  iu  Washiugton.  This  is  claimed  to 
possess  specially  valuable  qualities  which  fit  it  for  practical  use  in  pub- 
lic and  private  establishments,  and  is  kept  in  order  for  ready  applica- 
tion should  au  emergency  requiring  it  arise. 

Of  the  works  published  by  the  United  States  Government  during  the 
last  few  years  none  has  had  more  popularity  than  the  narrative  of 
the  second  arctic  expedition  made  by  Capt.  C.  F.  Hall,  edited  by  Prof. 
J.  E.  iN^oorse.  Congress  has  ordered  several  editions  of  this  work  and 
placed  copies  of  it  for  sale  at  the  mere  cost  of  paper  and  printing.  In 
this  work  illustrations  are  given  of  Esanimanx  life,  manners,  and  cns- 
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toms,  the  articles  represaited  being  specimens  in  the  Ifational  Museum. 
Daring  the  last  year  the  Secretary  of  the  Navy  has  offered  to  the  In- 
stitution the  manuscripts,  notes,  plates,  cats,  &c.,  of  Captain  Hall's 
work  to  be  preserved  in  its  archives. 

Loan  of  books  and  apparatus. — The  Smithsonian  Institution  has  been 
proverbial,  from  its  first  eBtablishment,  for  the  liberality  with  which  the 
use  of  books,  apparatus,  ^nd  specimens  has  been  allowed  whenever  re- 
quired in  the  interest  of  science,  the  regulations  of  many  institutions 
absolutely  prohibiting  the  removal  from  their  halls  of  such  articles,  not 
being  at  all  enforced.  It  was  found  neceasary,  however,  to  establish 
some  restrictions  to  the  indiscriminate  borrowing,  as  it  was  ascertained 
that  in  many  cases  the  borrower  was  careless  about  returning  the  ob- 
jects obtained  by  him,  so  that  when  others  required  their  use  they  were 
not  available  for  the  purpose.  In  some  instances  rare  volumes  of  trans- 
actions of  learned  societies  would  be  kept  for  years,  and  not  unfrequently 
an  entire  set  woald  be  retnmed  after  the  death  of  the  borrower;  in 
other  cases,  when  called  for,  the  report  would  be  that  theywere  not  pro- 
ducible. 

In  order  to  throw  upon  the  borrower  the  onus  of  making  a  proper 
return  without  unnecessary  delay.  Professor  Henry  decided  to  require 
a  deposit  in  money,  or  a  certified  check,  far  in  advance  of  the  value  of 
the  object  itself;  in  the  case  of  the  loan  of  a  volume  of  transactions  the 
money  security  called  for  representing  the  value  of  the  entire  series. 
This  condition  has  given  offeuse  in  some  cases,  persona  thinking  that 
the  deposit  should  be  simply  of  a  money  value  equal  to  the  value  of  the 
article  borrowed.  This,  however,  would  not  answer  the  purpose,  as,  in 
many  cases,  individuals  would  be  glad  to  obtain  a  rare  work  at  cost; 
and  as  the  Institution  is  not  engaged  in  trade  and  needs  its  books  and 
apparatus  for  its  own  research,  and  that  of  its  collaborators,  the  propri- 
ety of  the  regulation  has,  I.think,  been  fully  vindicated.  The  required 
deposit  for  books  amounts,  generally,  to  &om  825  to  $100,  and  of  course 
the  borrower,  whose  money  is  in  the  hands  of  the  Institution,  does  not 
leave  it  there  longer  than  is  necessary.  When  the  book  is  returned 
the  money  is  sent  back  and  the  transaction  closed.  This  same  regula- 
tion has  been  extended  to  the  loan  to  parties  of  other  articles  having  a 
definite  money  value. 

Loan  of  specimens. — As  far  as  specimens  of  natural  history  are  con- 
cerned tbe  regulations  are  arranged  on  a  different  footing;  and  as  a 
further  means  of  preserving  the  integrity  of  the  Smithsonian  collections, 
the  following  form  of  "receipt"  from  naturalists  who  may  borrow  its 
material,  has  been  adopted  by  the  Institution: 

[Locality Date  ] 

"  Beceived  from  the  Smithsonian  Institution  a  collection  of  , 

corresponding  to  the  accompanying  list.  I  hereby  accept  them  in  trust 
upon  the  following  conditions:  First.  That  they  are  to  be  used  for  pur- 
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poses  of  inrestigatioii,  and  returned  in  as  good  condition  as  they  were 
received,  and  as  soon  as  m;  work  npon  them  is  completed.  Second. 
Tbai  no  unique  specimens  constituting  part  of  the  reserve  series  of  the 
iNational  Mosenm  shall  be  mutilated.  Third.  That  dnpUcates  Trhen 
necessarji  may  be  dissected;  understanding  by  'duplicate,'  a  specimen 
which  is  not  necessary  to  illnstrate  variations  of  forms  or  range  of  geo- 
graphical distribution.  Fourth.  That  the  specimens  when  returned 
shall  be  labeled  with  the  names  which  I  have  employed  in  my  publica- 
tions upon  them.  Pifth.  That  credit  shall  be  given  to  the  Smithsonian 
Institution  in  all  publications  based  upon  material  furnished  by  it" 
'  .  [Signature  of  borrower.] 

Restoration  of  the  Declaration  of  Independence. — Several  years  ago  a 
commission  was  appointed  by  Congress  (under  an  act  approved  August 
3, 1870),  consisting  of  the  Secretary  of  the  Interior,  the  Secretary  of  the 
Smithsonian  Institution,  and  the  Librarian  of  Congress,  for  the  purpose 
of  taking  into  consideration  measaies  for  the  restoration  of  the  faded 
andnowneariyiUegible  Declaration  of  Independence.  Some  conferences 
were  held  on  this  subject  and  some  experiments  made  in  regard  to  it,  but 
without  result.  A  meeting  of  the  commission  was  held  at  the  Depart- 
ment of  the  Interior  on  ttie  6th  of  May  last,  and,  after  discussion,  it 
was  decided  that  it  was  one  oV  the  subjects  coming  within  the  province 
of  the  National  Academy  of  Sciences,  and  the  problem  was  referred  to 
Professor  Hogers,  president  of  the  Academy,  with  the  request  to  appoint 
a  commission  of  scientiflc  experts  to  investigate  the  whole  subject  and 
report  to  the  Secretary  of  the  Interior.  No  return  has  yet  been  made 
by  this  commission,  but  it  is  understood  that  the  matter  is  receiving 
careful  consideration. 

UJflTED  STATES  PISH  COMMISSION. 
aSHEBAL  OBJECTS  Ain>  BEBULTS. 

The  relationship  which  your  Secretary  has  borne  for  ten  years  to  the 
United  States  Fish  Commission  as  its  chief,  and  the  time  required  for 
the  discbarge  of  its  responsibilities,  makes  it  proper  to  furnish  a  brief 
statement  of  the  objects  aud  results  of  the  commission,  as  showing 
thereby  that  its  operations  are  quite  in  accordance  with  the  purposes  of 
the  Smithsonian  Institution. 

The  inception  of  the  commission,  on  a  very  small  scale,  in  1871,  and 
the  rapid  extension  of  its  operations  year  by  year,  have  all  been  chron- 
icled in  the  annual  reports  of  the  Institution  j  and  now  that  ten  years 
have  elapsed,  the  reports  of  the  commission  will,  I  trust,  show  its 
healthy  growth  and  a  successful  accomplishment  of  some,  at  least,  of 
the  objects  which  have  been  kept  strictly  in  view  £com  the  outset. 

As  explained  in  previous  rei>orts,  the  commission  was  first  estabL*sbed, 
in  1871,  for  the  purpose  of  investigating  the  alleged  decrease  of  the 
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fbod-flshes  of  the  coaatry,  and  of  inqniring  as  to  the  best  methods  of 
remedjiDg  the  decrease,  should  this  be  found  to  exist.  It  was  not  nntU 
the  second  year,  or  1872,  that  the  responsible  daty  of  increasiog  the 
supply  was  added  to  the  other  ftmctioiia  of  the  commiasion. 

In  the  preceding  report  of  the  Smithsonian  Institation,  for  1879, 1 
Imve  stated  at  length  the  plans  and  objects  of  the  commission,  and  to 
this  I  refer  for  details.  I  may  simply  remark  here  that  the  division  of 
"  inqniry"  has  been  held  to  involve  a  complete  investigation  of  and  re- 
port apon  all  the  physical  conditions  of  the  waters  of  the  United  States, 
and  the  nature,  nnmbera,  and  general  relationships  of  their  inhabitants, 
together  with  an  account  of  the  relationships  of  man  to  the  same,  in 
the  way  of  methods  and  appliances  of  the  fisheries,  and  the  history  and 
statistics  of  his  labors. 

The  second  division,  that  of  propagation,  of  coarse  includes  the  pro- 
tection of  the  useful  fishes  and  their  multiplication,  either  by  capturing 
the  fish  and  transferring  them  from  one  point  to  another,  or  by  the  pro- 
ce88  of  artificial  impregnation  of  the  eggs  and  the  distribution  of  the 
young. 

The  work  of  the  inquiry  is  prosecuted,  for  the  most  part,  directly  un- 
der my  own  supervision,  fcom  stations  at  different  points  along  the  sea- 
coast,  with  a  suitable  number  of  assi8tants_(voIanteers  for  the  most  part) 
for  making  the  investigations  referred  to.  The  specimens  collected  are 
placed  in  the  hands  of  experts,  by  whom  they  are  properly  investigated 
and  monographed,  and  the  results  published,  with  suitable  illustrations 
in  the  Annual  Seports  of  the  Commission.  The  colleetions  made,  usually 
in  very  large  numtwrs,  are  worked  up  at  the  same  time;  the  reserve  col- 
.  lection  preserved  in  theNationalMuseum,andtheduplicatesdi8tributed 
to  the  various  educational  establishments  of  the  country,  or  exchanged 
for  objects  desired  by  the  Museum. 

The  propagation  division  is  conducted  either  at  some  permanent  sta- 
tions, such  as  those  of  the  salmon,  whitefish,  and  carp,  or  in  temporary 
establishments,  shifting  their  ground  with  the  season,  as  is  the  case  in 
large  part,  with  the  shad  stations. 

Daring  the  past  year  two  additional  subjects  have  occupied  the  atten- 
tion of  the  Oommission;  one,  the  preparation  for  the  international  dis- 
play of  the  fisheries  of  the  United  States  at  Berlin ;  and  the  other,  the 
continuation  of  the  census  of  the  fisheries,  undertaken  in  behalf  of  Gen- 
eral Walker,  Superintendentof  the  Census.  Special  details  in  regard  to 
these  branches  will  be  found  elsewhere. 

ITewport  waa  the  station  selected'  for  the  prosecution  of  the  work  of 
inquiry  into  the  fisheries  in  1880,  as  representing  a  point  between 
two  previous  stations,  Wood's  Holl  and  Koank.  Since  the  year  1873  the 
Commission  has  been  indebted  to  the  Havy  Department  for  a  steamer 
with  which  to  carry  on  its  investigations.  This  year,  however,  it  was 
foond  possible  to  dispense,  in  large  part,  with  extraneous  aid,  the  fuA 
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Hawk,*  the  vessel  referred  to  in  a  previoos  report,  having  been  com- 
pleted and  ready  for  sea. 

Her  original  purpose  vas  that  of  a  floating  hatching  eatablisbment; 
bat  she  waa  not  completed  until  some  time  in  Jnly,  or  after  the  spiing 
batching  *ork  was  over.  Her  first  service,  therefore,  was  in  the  inquiry 
division  of  the  Commisston.  She  is  a  vessel  of  484  tons,  and  previded 
■with  all  the  necessary  conveniences  for  investigation,  such  as  a  power- 
ful hoisting  engine  and  the  necessary  dredging  and  trawling  apparatus. 
Sbe  proved  admirably  adapted  to  the  requirements  of  the  occasion. 

'Rex  personnel  was  famished  by  the  Navy  Department,  under  the  law 
of  Congress  that  directed  that  she  be  placed  on  the  same  footing  as  the 
vessels  of  the  Coast  Survey,  which  gave  her  the  officers  and  a  crew,  with 
tbeir  subsistence,  leaving  to  the  Commission  the  running  expenses,  snob 
as  tbe  cost  of  coal,  oil,  water,  eto.  Lieat.  Z.  L.  Tanner,  who  bad  been 
in  charge  of  the  steamer  ^eedKell,  at  Provincetown,  in  1879,  was  placed 
in  command  by  the  Navy  Department,  with  Mr.  J.  8.  Smith  as  mate, 
Wm.  B.  Bogga  as  engineer,  Geo.  H.  Eeed  as  paymaster,  and  F.  C.  Van 
Vliet  as  surgeon,  and  a  crew  of  27  men. 

A  large  building,  formerly  used  for  the  manufacture  of  shot,  waa 
rented  from  Mr.  John  H.  Griswold;  an  adjacent  wharf,  with  a  number  of 
bnildingB  upon  it,  was  also  obtained  for  the  service  of  the  Commission.   . 

As  in  previous  years,  tbe  superintendence  of  the  work  connected  with 
tbe  marine  invertebrates  was  in  charge  of  Professor  Verrill,  of  Tale  Col- 
lege, assisted  by  J.  H.  £mertou  as  artist,  Mr.  Sanderson  Smith  of  New 
York,  and  Mr.  B.  F.  Koons  and  E.  A.  Andrews.  Mr.  Richard  Batbbun 
was  an  assistant  of  tbe  Commission  in  tbe  general  work,  and  Mr.  H.  L. 
Osbom  and  Frederic  Gardiner  bad  charge  of  the  fishes  during  the  ab-  . 
sence  in  Alaska  of  Dr.  T.  H.  Bean. 

The  census  branch  of  the  fisheries  also  bad  its  quarters  in  tbe  town. 

My  own  office,  those  of  the  laboratory  and  of  the  census,  and  the  res- 
idence of  Maj.  T.  B.  Ferguson,  assistant  commissioner,  were  connected 
by  telephone,  for  the  more  convenient  transaction  of  business. 

I  arrived  in  Newport  with  my  party  on  the  9th  of  July,  and  waa 
joined  by  Professor  Verrill  a  few  days  later.  The  steamer,  however,  did 
not  reach  Ifewport  until  the  2d  of  August,  and,  owing  to  various  causes, 
did  not  get  fairly  at  her  work  until  about  the  7tU.  The  city  wharf  was 
hired  from  the  city  of  Newport,  where  she  lay  when  in  port.  The  work  ' 
was  earned  on  with  great  zeal  during  the  summer,  and  very  important 
discoveries,  both  scientific  and  practical,  were  made,  especially  in  the 
course  of  three  visits  to  tbe  Gulf  Stream  in  September  and  October. 
On  these  occasions,  the  vessel  by  starting  in  the  evening  at  6  o'clock, 
and  running  out  to  a  distance  of  about  a  hundred  miles  reached  the  Oulf 
Stream,  and  explored  it  for  a  period  of  12  to  14  hours,  and  returned  to 
port  ou  the  succeeding  night.    The  amount  of  life  found  along  the  west- 
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em  edge  of  tbe  Gulf  Stream  was  eDormonsly  rich ;  of  moUusca,  not  less 
than  175  different  species  were  taken,  forty  being  new  to  science. 
Twenty  new  deep  sea  fishes,  some  of  them  of  a.  remarkable  character, 
were  secured.  The  moat  important  observations,  however,  were  those 
in  regard  to  the  Tile  fish  [Lopholotilua  ckameleonticeps),  to  which  refer- 
ence was  made  in  a  previous  report.  The  ascertained  range  of  this  fish 
was  greatly  extended,  showing  the  possibility  of  captnring  it  over  a 
wide  area. 

For  the  porpose  of  determining  the  ability  to  take  this  fish  with  an 
ordinary  fishing  smack  a  itToank  vessel  was  (bartered  for  the  trial.  Ow- 
ing to  a  threatening  storm,  however,  the  vessel  was  compelled  to  return, 
and  nothing  was  done  beyond  the  capture  on  a  small  line  of  an  enor- 
mous sword-fish. 

Mr.  a.  Brown  Goode,  who  had  represented  the  United  States  at  the 
Berlin  Bxbibition,  returning,  joined  the  party  on  the  17th  of  Jnly  and 
was,  for  the  most  part,  occupied  in  connection  with  the  fishery  census. 

During  the  summer  I  visited  Wood's  Holl  in  the  Msh  Sawky  for  the 
purpose  of  inquiring  into  the  possibility  of  making  a  station  at  that 
point,  for  the  hatching  of  codfish. 

The  work  of  the  Oommissiou  at  Newport  was  closed  about  the  begin- 
ning of  October,  and  on  the  7th  of  that  month  the  FSshffawk  returned 
to  Wilmington  for  some  additional  apparatus,  carrying  a  portion  of  the 
collection  to  New  Haven,  by  the  way,  for  the  nse  of  Professor  VeniU. 
After  taldng  on  board  further  hatching  apparatus,  the  steamer  came 
around  to  Washington,  cruising  along  the  edge  of  the  Gulf  Stream  on 
her  route,  and  making  additional  collections  of  importance. 

1  left  Kewport  with  my  party  on  the  8th  of  October,  closing  operations 
for  the  season  at  that  place. 

The  control  of  so  well  equipped  a  steamer  as  the  Fish  Sawk  and  the 
several  visits  to  the  Gulf  Stream  resulted  in  the  acquisition  of  a  large 
amount  of  material,  equal  almost  to  the  aggregate  of  all  our  preceding 
seasons.  This  has  been  put  in  hand  and  will,  as  rapidly  as  possible,  be 
examined,  the  reserve  series  added  to  the  collection  of  the  National 
Museum,  and  the  remainder  distributed  as  heretofore. 

In  the  Report  of  the  Institution  for  1879  reference  was  made  to  the 
operations  of  the  Fish  Commission  iu  connection  with  the  artificial  propa- 
gation of  codfish  at  Gloucester,  Mass.  This  work  was  continued  into  the 
beginning  of  the  year  1880  and  a  large  number  of  fish  hatched  out  and 
hberated.  These  have  remained  for  a  considerable  time  in  the  harbor  of 
Gloucester  and  its  vicinity,  and  by  their  abundance  and  unusual  ap- 
pearance attracted  much  attention. 

The  work  of  cod  hatching  was  again  undertaken  in  the  winter  of  1881, 
in  the  little  harbor  at  Wood's  Holl,  Massachusetts.  Facilities  were 
granted  bytheLight-HonseBoard  at  its  depot;  themachinery  was  erected 
and  everything  in  readiness  for  the  work.  The  unusual  severity  of  the 
winter,  however,  which  fi-oze  up  the  shores,  rendered  it  impossible  to 
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keep  the  fleh  in  their  pens,  aud  prevented  any  measnre  of  saccesa.  It 
is  hoped  that  dorlDg  normal  seasons  the  propagation  of  the  cod  may  he 
considered  as  a  perfectly  feasible  nndertaking,  and  one  promising  im- 
portant economical  resolts. 

The  operations  of  the  Commission  in  connection  with  the  hatching  of 
shad  have  also  been  of  increasing  importance  during  the  year.  The 
work  was  commenced  in  Albemarle  Sound,  North  Carolina,  and  many 
millions  of  flsh  were  hatched  out.  A  station  was  then  established  on 
the  Potomac  River,  By  the  courtesy  of  the  authorities  of  the  Ifavy 
Bepartment,  and  especially  of  the  Chief  of  the  Bureau  of  Yards  and 
Docks,  a  hatching  station  was  extemporized  for  hatching  ont  the  eggs 
of  the  shad  obtained  by  the  steamer  Lookout  from  the  seines  and  gilling 
stations  down  the  Potomac,  especially  in  the  vicinity  of  Fort  Washington. 

Another  station  was  made  at  Havre  de  Grace,  Maryland,  and  at' the 
two  places  about  30,000,000  shad  were  successfully  hatched  out.  A 
large  proportion  of  these  were  necessarily  placed  in  the  rivers  whence 
the  eggs  were  obtained.  Many  millions,  however,  were  distributed  by 
the  messengers  of  the  Commission  to  various  localities  throughout  the 
United  States,  especially  to  the  waters  of  the  Mississippi  Valley. 

The  propagation  of  the  SalmonidcB  haa  also  been  conducted  with  sat- 
isfiictory  results.  The  McCloud  Eiver  station,  for  the  cultivation  of  the 
Califomia  orQaiunat  salmon,  was  in  successful  operation,  and  furnished 
many  millions  of  eggs,  which  were  distributed,  as  usual,  to  all  parts  of 
the  United  States.  Some  of  these  eggs  went  to  Germany,  Prance,  and 
Holland,  where  they  arrived  in  good  condition,  and  were  hatched  ont 
very  satisfactorily. 

After  an  interval  of  several  years,  work  was  resumed  at  the  station 
on  the  Penobscot  Biver  for  obtaining  the  eggs  of  the  Penobscot  salmon, 
and  a  distribution  of  these  flsh  was  made  to  the  principal  rivers  of  the 
Kortbem  and  Eastern  States. 

An  unusually  large  gathering  of  eggs  of  the  land-locked  salmon  was 
made  at  the  station  on  Grand  Lake  Stream,  this  fish  promising  to  be  of 
great  value  iu  the  cold,  deep  lakes  of  the  country. 

Work  on  a  large  scale  in  connection  with  the  white-fish  of  the  great 
lakes  was  commenced  this  year  by  establishing  a  station  at  f^orthviUe, 
Michigan,  under  the  charge  of  Mr.  Prank  N,  Clark.  With  the  neces- 
sary number  of  assistants,  Superintendent  Clark  obtained  a  bountiful 
supply  of  eggs  in  the  adjacent  lakes,  and  gathered  into  the  hatching- 
house  about  13,000,000.  Some  of  these  were  distributed  lo  different 
parts  of  the  countryj  but  by  fhr  the  greater  part  were  hatched  out  and 
placed  partly  in  Lake  Michigan,  partly  in  Lake  Huron,  and  partly  in 
Detroit  River. 

An  interesting  experiment  was  made  in  the  artificial  propagation  of 
the  striped  bass  or  rock-fish  of  the  Southern  States — the  eggs  from  a 
gravid  female  having  been  properly  impregnated,  a  large  number  of. 
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young  were  iLatcfaed  out.  Tbis  ezpertment,  it  is  Iioped,  will -be  oootla' 
ued  iu  fatnre  years  on  a  mnch  larger  acale. 

Perhaps  the  most  important  result  of  the  work  of  the  Commission  in 
the  line  of  the  propagation  of  fish  is  that  of  the  moltipiication  and  dis-. 
tribotion  of  the  Imported  German  carp,  of  which,  as  already  explained, 
there  are  three  principal  VBrieties — the  Bcale,  leather,  and  mirror  carp. 
The  distribution  of  the  young  of  these  fi^  was  commenced  in  the  au- 
tumn of  1871).  A  very  large  yield  in  1880  permitted  them  to  be  sent  to 
a  great  many  applicants  thronghout  the  country,  some  thousands  in 
Domber.  The  demand,  however,  is  increasing,  and  is  likely,  for  some 
time,  to  more  than  keep  pace  with  the  supply.  It  is  gratif^g  to  know 
that  the  efforts  of  the  Commission  to  introduce  this  fiah  meet  with  finvor- 
able  recognition. 

An  account  of  the  operations  of  the  United  States  Ksh  Commission 
during  the  first  decade  of  its  existence,  detailing  somewhat  fully  its 
plan  of  work,  and  the  scientific  and  economical  results  accomplished  by 
it,  was  prepared  by  Mr.  G-.  Brown  Goode,  and  read  before  the  American' 
Association  for  the  Advancement  of  Science  at  its  Boston  meeting,  held 
August  28,  ISSO.  This  paper  will  be  found  in  full  in  the  appendix  to  this 
report. 

nSHERT  CENSUS  OF  1880. 

In  July,  1880,  an  arrangement  was  made  with  General  Francis  A, 
Walker,  Superintendent  of  the  Tenth  Census,  by  which  an  investiga- 
tion of  the  fisheries  of  the  United  States  was  undertaken  as  the  joint 
enterprise  of  the  United  States  Fish  Commission  and  of  the  Census 
Bureau.  It  was  decided  that  this  investigation  should  be  as  complete 
as  possible,  and  that  both  the  United  States  Pish  Commission  and  the 
CensQS  Bureau  should  participate  in  its  results.  The  preparation  of  a 
statistical  and  historical  report  upon  the  fisheries,  to  form  one  of  the 
series  to  be  presented  by  the  Superintendent  of  the  Census  as  the  re- 
sult of  his  iovestigatioDS  in  1880,  has  been  the  main  object  of  the  work ; 
but  in  conncctioa  with  this  statistical  work,  extensive  investigation 
into  the  methods  of  the  fisheries,  into  the  distribution  of  the  fishiag- 
grounds,  and  the  natural  history  of  usefiil  marine  animals,  has  been 
and  is  being  carried  on. 

The  direction  of  this  investigation  has  been  placed  in  the  hands  of  Mr. 
G.  Brown  Goode,  who  was  appointed  agent  of  the  Census  Office,  and 
who  has  been  carrying  on  this  work  in  addition  to  the  performance  of  his 
duties  in  connection  with  the  iN'ational  Museum.  The  work  which  was 
begun  on  July  1, 1879,  has  been  vigorously  prosecuted  since  that  time, 
and  the  final  report  will  probably  be  presented  as  early  as  July,  1881. 

The  plan  of  the  investigation  was  drawn  up  before  the  beginning  of 
the  work  and  has  been  published  in  an  octavo  pamphlet  of  54  pages, 
entitled  "  Plan  of  Inquiry  into  the  History  and  Present  Condition  of  the 
Fisheries  of  the  United  States."  Washington:  Grovemmeot  Printing 
Office.    1879.  u,j.,..u,L.OOglc 
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The  scheme  of  investigation  divided  the  work  into  the  following 
departments : 

I.  Natural  history  of  marine  products :  Under  this  head  was  to  be  car- 
ried on  the  stndy  of  the  nsefbl  aquatic  animals  and  plants  of  the  conn- 
try,  as  well  as  of  seals,  whales,  turtles,  fishes,  lobsters,  crabs,  oysters, 
clams,  &c.,  sponges  and  marine  plants  and  inorganic  products  of  the 
sea,  with  reference  to  geographical  distribntioa ;  size;  abundance;  mi- 
grations and  movements;  food  and  rate  of  growth;  mode  of  repro- 
duction ;  economic  value  and  uses. 

n.  The  fishing-grounds :  Under  this  head  are  studied  the  geographical 
distribution  of  all  animals  sought  by  fishermen  and  the  location  of  the 
fishing- grounds,  while  with  reference  to  the  latter  are  considered :  loca- 
tion; topography;  depth  of  water;  character  of  bottom;  temperature  of 
'water;  currents;  character  of  invertebrate  life,  &c. 

III.  The  Jiahermen  and  Jkhing  towns:  Here  are  considered  the  coast 
districts  engaged  in  the  fisheries  with  reference  to  their  relation  to  the 
fisheries,  historically  and  statistically,  and  the  social,  vital,  and  other 
statistics  relating  to  the  fishermen. 

rv.  Apparatus  and  methods  of  capture:  Here  are  considered  all  the 
forms  of  apparatus  used  by  fishermen,  boats,  nets,  traps,  harpoons.  &c, 
and  the  methods  employed  in  the  various  branches  of  the  fishery.  Here 
each  special  kind  of  fishery,  of  which  there  are  more  than  fifty,  in  the 
United  States,  is  considered  separately,  with  regard  to  its  methods,  its 
history,  and  its  statistics. 

V.  ^rod'octs  of  fisheries:  Under  this  head  are  studied  the  statiatlcs 
of  the  yield  of  American  fisheries,  past  and  present. 

VI.  Preparation,  care  of,  a/nd  manufacture  of  fishery  products :  Here 
are  considered  the  methods  and  thev  arious  devices  for  utilizing  fish 
after  they  are  caught,  with  statistics  of  capital  and  men  employed,  &c. : 
preservation  of  live  fish;  re&igeration ;  sun-drying;  smoke-drying;  pick- 
ling; hermetically  canning;  fur  dressing;  whalebone  preparation;  isin- 
glass manufacture;  ambergris  manufacture;  fish-guano  manufacture; 
oil  rendering,  &c. 

YII.  Economy  of  the  fisheries :  Here  are  studied  financial  oi^anization 
and  methods;  insurance;  labor  and  capital;  markets  and  market  prices; 
lines  of  traffic;  exports,  imports,  and  duties. 

viil.  Protection  and  culture ;  This  includes  all  kinds  of  supervision 
by  the  government,  such  as  legislation;  bounties  and  licenses;  fishery 
treaties;  public  fish  culture. 

The  various  inquiries  provided  for  in  this  scheme  of  investigation 
have  been  made  in  three  ways. 

First.  By  correspondence  with  persons  in  different  parts  of  the  country. 

Second.  By  a  systematic  overhauling  and  compilation  of  past  records, 
not  the  least  among  which  are  the  loc^  newspapers. 
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Third.  By  sending  special  agents  to  make  personal  inqoiries  in 
every  part  of  the  United  States  -where  the  fisheries  are  of  considerable 
importance. 

The  lastr-named  method  has  of  course  been  by  far  the  most  important 
and  the  moat  saccessful,  and  it  is  unfortanate  that  the  length  of  time 
and  the  amoant  of  money  available  hare  not  permitted  the  employment 
of  a  larger  number  of  assistants  in  this  branch  of  the  work,  and  have 
not  allowed  them  to  devote  as  mnch  attention  to  working  out  specific 
qnestions  as  has  in  many  cases  seemed  imperatively  necessary. 

The  fishery  industry  is  of  snch  great  importance  and  is  nndergoing 
snch  constant  changes  that  a  visit  of  a  few  days,  even  by  the  most  com- 
petent experts,  has  invariably  proved  ausatisfoctory.  They  have  been 
able  to  collect  only  the  more  important  focts,  leaving  maoy  subjects  of 
interest  ontonohed. 

The  field  work  has  been  carried  on  by  the  following  special  agents: 
(1.)  Coast  of  Maine,  east  of  Portland,  R.  E.  Earll  and  Capt.  J.  W,  Col- 
lins. (2.)  Portland  to  Plymouth  (except  Cape  Ann)  and  eastern  side  of 
Buzzard's  Bay,  W.  A.  Wilcox.  (3.)  Cape  Ann,  A.  Howard  Clark.  (4.) 
Cape  Cod,  F.  W.  True.  (6.)  Provincetown,  Capt.  K.  E.  Atwood.  (6.) 
Ehode  Island  and  Connecticut,  west  to  the  Connecticut  River,  Ludwig 
Kumlien.  (7.)  Long  Island  and  north  shore  of  Long  Island  Sound  and 
west  to  Sandy  Hook,  Fred.  Mather.  (8.)  New  York  City,  Bamet  Phil- 
lips. (9.)  Coast  of  New  Jersey,  R.  E.  Eaxll.  (10.)  Philadelphia,  C.  W. 
SmUey  and  W.  V.  Cox.  (11.)  Coast  of  Delaware,  Capt.  J.  W.  Collins. 
(12.)  Baltimore  and  the  oyster  industry  of  Maryland,  E.  H.  Edmunds. 
(13.)  Atlantic  coast  of  Southern  States,  K.  E.  Earll.  {14.)  Gulf  Coast, 
Silas  Stearns.  (15.)  Coast  of  California,  Oregon,  and  Washington,  Prof. 
D.  8.  Jordan  and  C.  H.  Gilbert.  (16.)  Puget  Sound,  James  G.  Swan. 
(17.)  Alaska  seal  fisheries,  Dr.  T.  H.  Bean.  (18.)  Great  Lakes  fishery, 
Ludwig  Kumlien^  (19.)  Kiver  fisheries  of  Maine,  C.  G.  Atkins.  (20.) 
The  shad  and  alewife  fisheries,  CoL  Marshall  McDonald.  (21.)  Oyster 
fisheries,  Ernest  Ingersoll.  (22.)  Lobster  and  crab  fisheries,  Richard 
Rathbnn.  (23.)  Turtle  and  terrapin  fisheries,  F.  W.  True.  (24.)  The 
seal,  sea  elephant,  and  whale  fisheries,  A.  Howard  Clark. 

In  addition  to  the  field  assistants  already  mentioned,  a  sta£f  of  assist- 
ants from  the  beginning  have  been  at  work  in  the  oflce  of  the  division, 
carrying  on  correspondence,  searching  past  records,  and  prepariiig  the 
report:  for  publication.  Mr.  C.  W.  Smiley,  Mr.  Jas.  Temple  Brown,  and 
Mr.  George  S.  Hobbs  have  been  connected  with  the  work  from  its  start, 
and  from  a  later  date  Mr.  J.  B.  Rockwell,  Mr.  C.  W.  Scudder,  Mr.  E.  I. 
Geare,  Mr.  G.  P.  Merrill  and  others  have  been  thus  employed.  A  num- 
ber of  clerks  have  also  been  detailed  for  this  work  by  the  Superintendent 
of  the  Census,  at  one  time  as  many  as  eight.  A  large  part  of  the  clerical 
force  is  under  the  direction  of  Mr.  0.  W.  Smiley,  who  has  in  special 
charge  the  correspondence  and  the  statistical  and  compiling  work. 

Mr.  William  H.  Dali,  of  the  United  States  Coast  and  Geodetic  Survey, 
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was  detailed  by  the  Saperintendent,  Captain  Patterson,  to  visit  Alaska 
and  tlie  Arctic  Ocean,  for  tlie  purpose  of  obtaining  infbrmation  in  re- 
gard to  the'  Alaska  coast,  a  work  upon  which  Mr.  Dall  has  been  engaged 
for  many  years.  Permission  for  Dr.  Bean  to  accompany  Mr.  Dall  was 
readily  obtained  from  Captain  Patterson,  and  the  voyage  &om  San 
Francisco  was  made  in  the  schooner  rwfcott,  of  the  Coast  Survey,  a  ves- 
sel originally  built  under  Mr.  Dall's  direction  for  service  in  the  Alaskan 
waters- 
Mr.  William  J.  Fisher,  tidal  observer  at  Eodiak,  also  contribnt«d  im- 
portant material  of  the  same  general  character.  As  the  result  of  these 
several  explorations,  over  one  hundred  boxes  and  packages  of  natural 
history  collections  have  been  received  by  the  Institotion,  all  more  or 
less  incidental  to  the  census  inqniries  made  by  the  same  parties. 

One  of  the  most  important  reports  of  Dr.  Bean's  investigations  was 
ihQ  discovery  that  cod  and  halibut  of  the  Alaskan  waters  were  identical 
with  the  same  species  as  thosein  the  North  Atlantic,  and  consequently 
Edl  the  conditions  of  pursuit  and  preservation  used  in  the  east  conld  be 
employed  appropriately  in  the  western  seas. 

BEBLIN  IMTERKATIONAL  FISHBET  EXHIBITION. 

Among  recent  organizations  in  Europe  for  the  purpose  of  developing 
home  industries,  one  of  the  most  important  is  the  Seutgche  Mscherei- 
V^eijif  founded  in  1871,  for  the  purpose  of  developing  the  fisheries 
of  Germany,  both  inland  and  maritime,  and  of  introducing  improved 
methods  of  fish  .culture  and  new  varieties  of  fishes.  The  organization 
Is  composed  of  some  of  the  most  eminent  naturalists  and  pisciculturists 
of  Germany,  and  also  inclndes  many  personages  of  the  highest  rank  in 
the  empire  who  are  most  interested  in  the  welfeje  of  the  State. 

For  the  purpose  of  bringing  together  a  display  illustrating  the  meth- 
ods and  results  of  the  fisheries  and  fish  culture  of  the  Old  World,  ar- 
rangements were  made  for  holding  an  international  fisheries  exhibition 
in  Berlin  iu  the  spring  of  1880,  and  invitations  were  issued  about 
eighteen  months  before,  asking  the  co-operation  of  governments,  asso- 
ciations, and  persons  interested  generally.  The  invitation  to  the  United 
States  to  participate  was  transmitted  to  the  Secretary  of  State  in  the 
winter  of  1878-'79,  but  no  action  was  taken  by  Congress.  This  was  a 
source  of  great  regret  to  the  German  Government,  as  well  as  to  the 
immediate  promoters  of  the  enterprise,  and  urgent  appeals  were  made 
through  the  German  and  American  ministers  for  action.  A  second 
communication  made  by  the  Secretary  of  State  about  the  beginning  of 
1880  was  more  successful,  a  bill  introduced  by  Mr.  Denster,  member  of 
the  House  from  Michigan,  being  readily  passed,  appropriating  $20,000 
to  enable  the  United  States  Fish  Gommisalon  to  make  tJie  exhibition  on 
the  part  of  the  United  States. 

I  was  called  to  appear  befbre  the  Senate  Committee  on  Foreign 
Belations  on  the  10th  of  February,  and  explained  the  proposed  display, 
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and  gave  some  reasons  why  it  would  be  to  the  intereat  of  the  United 
States  to  participate  in  it.  The  Senate  committee  reporting  favorably, 
the  bill  became  a  law,  and  appropriations  were  made  to  carry  out  its 
proviiiions. 

My  duties  in  connection  with  the  Smithsonian  Insbitntion,  the  Na- 
tional Museum,  and  the  Fish  Commission  made  it  impossible  for  me  to 
attend  the  exhibition,  and  Mr.  Q.  Brown  Goode,  the  curator  of  the 
Museum,  was  appointed  as  the  commissioner  ia  charge,  and  immediate 
preparations  were  commenced  for  the  occasion. 

Of  course  the  time  for  preparntion  was  very  short,  as  the  exhibition 
was  to  be  opened  on  the  20th  of  April,  giving  nearly  eighteen  months 
less  time  than  that  enjoyed  tbr  the  purpose  by  most  of  the  other  par- 
ticipants. Fortunately,  however,  the  components  of  the  exhibition  of 
the  fishery  and  fish-cultural  interests  of  the  United  States  made  at  the 
International  Exhibition  of  1876  at  Philadelphia  were  available  for  the 
purpose,  and  a  selection  from  these  was  made  by  Mr.  Goode,  with  the 
assistauce  of  Mr.  True,  and  invitations  for  contributions  of  later  mate- 
rial were  promptly  responded  to.  The  most  important  possible  addi- 
tions to  the  display  of  X87((  consisted  Id  the  improved  apparatus  for  fish 
cultnre,  and  in  the  samples  of  preparations  of  prepared  fish,  both  hav- 
ing made  vast  progress  during  the  intervening  four  years. 

The  United  States  Fish  Commission  proposed  to  display,  either  in 
original  apparatus  or  in  models,  the  new  methods  of  hatching  fish  with 
the  assistance  of  steam  power,  as  devised  by  Mr,  T.  B.  Ferguson,  of  the 
Fish  Commission,  and  especially  to  show  the  model  of  the  new  fish- 
batohing  steamer  Fish  HawJc,  to  be  used  as  a  floating  hatching  estab- 
lishment in  the  propagation  of  shad  and  other  useful  fishes.  The  model 
of  the  new  vessel  was  on  a  scale  of  about  half  an  inch  to  the  foot,  and 
that  of  the  fish-hatching  apparatus  on  a  scale  of  one-sixth  the  actual 
size.  An  enormous  number  and  variety  of  samples  of  mackerel,  cod, 
smelts,  crabs,  oysters,  lobsters,  and  other  marine  products  were  sup- 
plied in  the  different  forms  of  dried,  powdered,  salted,  smoked,  and 
canned,  either  in  oil  or  in  spices.  Certain  firms  were  invited  to  furnish 
their  special  apparatus  for  the  capture  of  fish,  and  no  time  was  lost  in 
making  use  of  the  short  interval  remaining.  This  work  was  carried  on 
so  successfully  under  Mr.  Goode's  administration  ^at  it  became  possible 
to  ship  a  first  load,  of  some  thousands  of  cubic  feet,  on  the  2Sth  of  Feb- 
ruary,  the  last  of  the  lot  being  transmitted  on  the  24th  of  March.  The 
total  amount  of  freight  thus  sent  forward  consisted  of  about  12,000 
cubic  feet. 

With  most  commendable  liberality,  the  North  German  Lloyd  Co.,  at 
the  suggestion  of  its  agents  in  New  York,  Messrs.  Oelricha  &  Co.,  agreed 
to  transmit  and  return  all  the  packages  of  the  Commission  free;  and 
not  to  be  behind  a  foreign  corporation  in  this  spirit,  the  great  lines  of 
roads  between  Washington  and  Baltimore  and  Kew  York,  namely,  the 
Baltimore  and  Ohio,  the  Baltimore  and  Potomac,  the  Philadelphia.  WU- 
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miDgton  and  Baltimore,  and  the  Pennsylvania,  agreed  likewise  to  carry 
the  packages  A%e.  The  greater  part  of  the  exhibit  of  the  United  States 
was  shipped  from  Baltimore  by  the  Bremen  steamers,  although  most 
of  the  paclcages  concentrated  at  New  Tort  were  Jmbarlted  from  that 
city,  B^s  also  Mr.  Goode's  immediate  staft',  consisting  of  Jlr.  F.  W.  True 
and  Mr.  J.  E.  Bocltwell  of  hia  office  force,  with  Mr.  Fred  Mather,  expert 
n  fish  culture,  Capt.  J.  W,  (Jollins,  expert  in  flsheries,  and  Mr,  Joseph  Pal- 
mer in  charge  of  the  raoilela  and  casts.  Mr.  Goode  left  Washington  on 
the  IGth  of  March  and  sailed  in  the  Bremen  steamer  Seckar  on  the  20th, 
the  company  granting  a  concession  of  one-fourth  of  the  fare. 

A  large  irartioQ  of  the  goods  were  found  in  Bremen  on  the  arrival  ot 
the  party,  and  these  were  sent  forward  to  Berlin  and  unpacked  in  time 
for  very  satisfactory  opening  of  the  Exhibition  on  the  20th  of  April. 
Some  smaller  collections,  sent  at  a  later  dale,  were  received  subsequeutly. 
A  large  amount  of  space  hfld  been  assigned  to  the  United  States,  but 
this  being  inadequate  a  portiou  of  that  granted  to  Great  Britain,  and 
not  occupied  by  her  exhibitors,  was  added.  The  section  of  the  United 
States  was  ornamented  by  a  large  numbra  of  flags  lent  for  the  purpose 
by  the  Navy  and  War  Departments,  and  the  display  as  a  whole  was  very 
effective- 
It  is  now  a  matter  of  history  that  the  United  States  bore  off  the  chief 
honors  of  the  occasion,  the  superlatives  of  the  critics  being  exhanoted 
in  their  praises  of  its  method,  richness,  and  great  iotrinaic  value.  Indeed 
the  entire  collection  of  the  remaining  portion  of  the  International  Ex- 
hibit of  Fish  and  Fisheries  would  not  have  made  a  single  exhibit  of 
aiiything  like  the  importance  of  that  of  the  United  States.  In  illustration 
of  this  fact  it  may  be  stated  that  the  grand  prize  given  by  the  Emperor 
of  Gerinany  to  the  Exhibition,  for  the  best  display,  was  awarded  to  the 
United  States.  This  consisted  of  a  large  vase,  three  feet  high,  beauti- 
iiilly  worked  in  silver  and  gold,  and  coating  over  |!2,000,  In  addition 
to  the  grand  prize  there  were  numerous  other  awards  in  the  way  of 
medals  of  gold,  silver,  and  bronze  to  contribators  fixim  this  country,  and 
the  number  of  these  awards  would  have  been  much  greater  but  for  the 
fUct  that  the  greater  part  of  these  contributions  were  made  as  part  of  I  hat 
of  the  United  States  Fish  Commission.  The  same  policy  was  pursued 
there  as  at  the  Phil^elphia  exhibition;  whore  objects  wei'C  presented 
to  the  Institution  and  to  the  United  States,  they  were  entered  for  special 
consideration  a.s  individual  exhibits ;  but  where  they  were  purchased  for 
the  exhibition  they  becume  the  property  of  the  United  States,  and  their 
Individuality  was  lost  in  the  general  display.  Many  persona  who  pre- 
ferred to  receive  the  comparatively  slight  money-value  of  the  objects  ob- 
tained from  them,  were  greatly  disappointed  on  finding  that,  however 
meritorious,  their  articles  were  passed  over  by  the  judges  and  no  awards 
made  for  them. 

It  waa  originally  supposed  that  the  exhibition  would  close  on  the  Ist 
of  June,  after  a  six  weeks'  display.    Very  much  interest,  however,  was 
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felt  in  the  display,  and  it  was  so  macli  more  snccessfnl  tban  hud  been 
espef^d  that  it  was  concluded  to  keep  it  over  until  the  1st  of  July. 
This  iuvolved  an  additional  four  weeks'  detention  of  the  party,  and  of 
course  increased  the  expense.  Thanks,  however,  to  Mr.  Goode's  careful 
administration,  I  am  happy  to  say  that  the  work  was  finished  and  all 
the 'exhibits  returned  to  Washington  within  the  approjtriatioii,  a  few 
dollars  having  been  paid  into  the  Treasury  as  the  surplus.  Owing  to 
the  oaro  with  which  the  articles  were  packed,  everything  arrived  in  per- 
fect condition  at  its  destination;  indeed,  out  of  the  large  number  of 
plaster  oasts  very  few  required  any  treatment  for  their  proper  exhibition. 
This  was  in  marked  contrast  to  the  experience  of  the  British  portion  of 
the  exhibit,  which,  although  it  was  much  smaller  in  extent,  was  almost 
utterly  destroyed  in  transit- 
Acting  under  his  instructions,  Mr.  Goode  disposed  of  some  of  the  more 
bulky  and  least  costly  articles,  such  as  the  whale  boat  and  a  number  of 
the  dories,  &c.,  to  various  governmentB  and  other  establishments  in  es- 
cbange  for  desired  objects  belouging  to  the  European  divisions.  This 
somewhat  reduced  tho  bulk  of  the  shipment,  but  not  very  greatly.  Tlie 
entire  lot  of  at  least  10,000  cubic  feet  was  brougiit  by  a  single  vessel  of 
the  German  Lloyds  line  from  Bremen  to  Baltimore,  and  thence  by  the 
Baltimore  and  Ohio  Eailroad,  aud  placed  in  the  new  JTational  Museum 
Building.  The  exhibition  will  be  more  fully  discussed  in  a  report  now 
being  prepared,  which  in  accordance  with  the  resolutions  of  Congress 
will  also  treat  of  the  present  condition  of  the  fisheries  and  fish-culture 
of  Europe. 

Kespectfully  submitted. 

SPENCER  P.  BATED, 
Secretary  of  Smitltsontan  Inatitution. 
■Washengtom,  D.  C,  January,  1881. 
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STATISTICS  OF  EXCHANGES,  1880. 
I. — Foreign  Eschange. 
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3  AOEKIS  OF  SMITBSONIAN  EXCHANOES. 
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9  EXCaAMGBS. 
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LUt  of  packages  received  bg  Ike  Smithmmiati  J?Mii(ufion,  ^e. — Continned. 
'     UNITED  STATES— CoDtlnaed. 
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Balletin  of  the  Brooklyn  Entomological  Society,  Brooklyn,  N".  Y. 
Monthly. 

Bulletin  da  Canal  Interoc^anique,    Paris,  France.    Bi-weekly. 

Balletin  of  the  Essex  Institute,     Salem,  Mass.    Quarterly. 

Balletin  Hebdomadaire  de  I'Association  Scientifique  de  France.  Paris, 
France.    Weekly. 

Bulletin  M6t4orologiqae  da  Nord.    Copenhagen,  Denmark.    Monthly. 

Bulletin  of  the  Nuttall  Ornithological  Clab.  Cambridge,  Mass.  Quar- 
terly. 

Balletin  de  la  Soci^t^  d'Acclimatation.    Paris,  France.     Monthly. 

Bulletin  de  la  Soci6t6  d'Apicnltnre  de  la  Gironde.  Bordeaux,  France. 
Monthly. 
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Bulletin  de  la  Soci6t4  d'Agricnltare,  ludnstrie,  Science  et  Arts  dn  D4- 

partenient  de  la  Loz^re.     Mende,  France.    Monthly. 
Bulletin  de  la  3oci6t^  d'AgriciUtnre,  Scieftce  et  Arte,     Poligny,  France. 

Monthly. 
Balletifi  de  la  Soci^t^  d'Agricnlturc,  Scicucea  et  Aita  de  la  Sarthe.    Le 

Mans,  France.    Ir. 
Bulletin  de  la  Soci4t4  d'AnthropoIogie  de  Paris.    Paris,  France.    Ir. 
Bulletin  de  la  Soci^t6  Arch^ologiqne  de  Bfiziers.    B^ziere,  France.    Ir. 
Bulletin  de  la  Soci^t^  Arch^ologique  de  I'Orl^anais.    Orleans,  France. 

Ir. 
Bulletin  de  la  Soci^t^  Centrale  d'Agricnltare  et  des  Cornices  Agricoles. 

Moutpellier,  France.    Ir. 
Bulletin  de  la  Soci^t^  G^ologique  de  France.    Paris,  France.    Ir. 
Biilletin  de  la  Soci6t6  de  Geographic.     Paris,  France.    Monthly. 
Bulletin  de  la  Society  Imp^riale  des  Natnrallstes  de  Moscoo.    Moscow, 

Russia.    Quarterly. 
Bulletin  de  la  Soci6t^  Industrielle  de  Mulhouse.    Miihlhausen,  Alsaco. 

Monthly. 
Bulletin  de  la  Soci^t^  Min^ralogique  de  France.    Paris. 
Bulletin  de  la  Soei^t^  Philomathique  de  Paris.    Paris,  France.     Bi- 
monthly. 
Bulletin  de  la  Sooi^t^  des  Sciences  Katnrelles  de  I^euch&tel.    I^euf- 

chatel,  Switzerland.    Ir. 
Bulletin  de  la  Soci6t^  Yaudoise  des  Sciences  iNaturolles.    Lansanne, 

Switzerland.    Ir. 
BuIIetinode]laSociet:4EntomologicaItaliana.  Florence, Italy.  Monthly. 
Bulletino  delta  B.  Society  Toscana  di  Orticoltura.    Florence,  Italy. 

Monthly. 
Byron.    Athens,  Greece.    Monthly, 

Canadian  Antiquarian  and  Nnmismatic  Chronicle.  Moutreal,  Canada. 
Quarterly. 

Canadian  Entomologist.    Toronto,  Canada.    Monthly. 

Canadian  Journal  of  Science,  Literature,  and  History.  Toronto,  Can- 
ada.   Quarterly. 

Canadian  Naturalist  and  Geologist.    Montreal,  Canada.    Bi-monthly. 

Chemical  News.    London,  England.    Weekly. 

Chemist  and  Druggist    London,  England.    Monthly. 

Chicago  Field,    Chicago,  III.    Weekly, 

Cincinnati  Lancet  and  Clinic.    Ohio,     Weekly. 

Cincinnati  Medical  Advance.    Cincinnati,  Ohio.    Monthly. 

Comet.    Jackson,  Miss.    Weekly. 

Congressional  Record.    Washington,  D.  C.    Daily. 

Ounteraporaiy  Review.     (Am.  reprint.)    New  York,  N.  T.    Montlily, 

Cosmos.    Tnrin,  Italy.    Monthly. 

Cultivator  and  Country  Gentlemtm.    Albany,  N.  T.    Weekly. 
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Deutsche  ladastrie-Zeitung.     Chemuitz,  Saxony.    Weekly. 

Deatscbe  Baadscliaa  ftir  Oeographie  imd  Statistik.    Yieniia,  Aastria. 

Monthly. 
Deutsche  Yierteljahrschrift    tar    Zahnheilkunde.     Leipsic,    Saxony. 

Quarterly. 

Eclectic  Medical  Journal.    Cincinnati,  Ohio.    Monthly. 
Emulation  Jurasaienne.    Porentruy,  Switzerland.    Monthly. 
Eudowment  Journal,    Washington,  D.  C.    Monthly.        • 
Engineering  and  Mining  Journal.    Few  York.    Weekly, 
English  Mechanic.    London,  England.    Weekly. 
Eutomologisk  Tidskrift.    Stockholm,  Sweden.    Quarterly. 
Erdelyi  Muzenm.    Klausenborg,     Hungary.    Montlily. 
Essex  Institute  Historical  Collection.     Salem,  Mass.     Quarterly. 
Evening  OriLic.    Washington,  D.  C.    Daily. 
Evening  Star.    Washington,  D.  C.    Daily. 

Field.    London. 

Fishing  Gazette.    London.    Weekly. 

Foreign  Missionary.    New  Tork,  N.  T.    Monthly. 

Forest  and  Stream.    New  York,  N.  Y.    Weekly. 

Oaceta  Cientifica  de  Venezuela,     Car&caa,  Venezuela.    Ir, 

Gaceta  Medica.    Mexico.    Monthly. 

GarteD&eund.    Vienna,  Austria.    Monthly, 

Glornale  della  E.  Accademia  di  Medicina  di  Torino.    Turin,  Italy.    Ir. 

Giomale  Agrario  Italiano.    Forli,  Italy.    Bi-weekly. 

Giomale  ed  Atti  della  Societal  di  Acclimaziono  ediAgricoIturaiuSicilia, 

Palermo,  Sicily. 
Graphic.     New  York.    Daily. 
Guide  du  Naturaliste.    Paris,  France.    Bi-weekly. 

Harper's  New  Monthly  Magazine.    New  York,  N.  Y.    Monthly. 

Harper's  Weekly.    New  York.    Weekly. 

Herald  of  Peace.    London,  England. 

Historical  Collections  of  the  Essex  Institute.    Salem,  Mass.    Quarterly. 

Ibis,  a  Magazine  of  General  Ornithology.  London,  England.  Quar- 
terly. 

Internationale  Freundschafts-  &  Handels-Beziebungen  mit  Sudamerika, 
S'ordamerika,  Australasien,  Indien,  China,  Japan,  etc.  Vienna,  Aus- 
tria.   Weekly. 

Inter-Ocean.    Chicago,  111.    Daily. 

Investigateur.    Paris,  France.    Monthly. 

Irreafreund.    Heilbronn,  Wiirtemberg.     Monthly. 

Italia  Agricola.    Milan,  Italy,    Bi- Weekly, 

Jahrbilcher  ftlr  die  Deutsche  Armee  nnd  Marine,  Berlin,  Prussia. 
Monthly.  ,j,j  ,.,, ,^  L.OOglc 
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Jabrbuch  der  K.  K.  Geologischen  Beichsuistalt.  Yienna,  Auetria. 
Quarterly. 

Jenaische  Zeitechrift  fiir  Medicin  nnd  I^aturwisseDscba^  Jena,  Saxe- 
Weimar.    Ir. 

Journal  of  Academy  of  Natural  Sciences  of  Fbitadelpbia.  Philadel- 
pbia,  Pa.    Quarterly. 

Joaraal  of  tbe  Agricultural  and  Hortlcnltoral  Society  of  India.  Calcutta, 
ludia.    Ir. 

Journal  of  tie  Royal  Agricoltnral  Society  of  England.  London,  Eng- 
land.   Half-yearly. 

Journal  of  tbe  Antbropological  Institute  of  Great  Britain  aad  Ireland. 
London,  England.    Quarterly. 

•Toarual  of  Applied  Sciences.    London,  England.    Montbly. 

Joumal'of  tbe  Asiatic  Society  of  Bengal.    Calcutta,  India.    Quarterly. 

Journal  of  tbe  Boyal  Asiatic  Society  of  Great  Britain  and  Ireland.  Lon- 
don, England.    Quarterly. 

Journal  [formerly  Arcbivesj  of  Comparative  Medicine  and  Surgery. 
Sew  Tork,  N.  Y.     Quarterly. 

Journal  of  Conchology.    Leeds,  England.    Quarterly. 

Journal  of  the  Royal  Dublia  Society.    Dublia,  Ireland.    Jr. 

Journal  of  Education.    Quebec,  Canada.    Montbly. 

Journal  of  Education.    I'oronto,  Canada.    Monthly. 

Journal  of  the  Franklin  Institute.     Philadelphia,  Pa.    Monthly. 

Journal  G^n^ral  de  I'lnatruction  Publique.    Paris,  France.    Weekly. 

Joumalof  the  Royal  Geological  Society  of  Ireland.  DnbUn,  Ireland.  Ir. 

Journal  of  the  Royal  Historical  and  Arcbieological  Association  of  Ire- 
land.   Kilkenny,  Ireland.    Quarterly. 

Journal  d'Hygifene.     Paris,  France,    Weekly. 

Journal  of  the  Institute  of  Actuaries.    London,  England.    Quarterly. 

Journal  de  I'Instruction  Publique.    Montreal,  Canada.     Montbly. 

Journal  fiir  Landwirthschaft.     Celle,  Germany.    Quarterly. 

Journal  Mensuel  des  Travaux  de  I'Acad4mie  Nationale,  Agricole,  ete. 
Paris,  France.    Monthly. 

Journal  of  tbe  Royal  Microscopical  Society.  I^ondon,  England.  Bi- 
monthly, 

Journal  of  yervona  and  Mental  Diseases.    Chicago,  HI.     Quarterly. 

Journal  and  Transactions  of  the  Pbotograpbic  Society  of  Great  Britain. 
London,  England.    Montbly. 

Journal  of  tbe  Proceedings  of  the  Linnean  Society  of  London.  London, 
England.    Ir. 

Journal  des  Savants.    Paris,  France.    Monthly, 

Journal  of  Science.    Chicago,  111.    Monthly, 

Journal  of  the  Scottish  Meteorological  Society.  Edinburgh,  Scotland. 
Ir. 

Journal  of  tbe  Statistical  Society.    London,  England.    Quarterly. 

Journal  de  la  Socidt^  Centrale  d'Horticulture,    Paris,  France.    Montbly. 

Journal  of  tbe  Society  of  Arts.    London,  England.    Weekly. 
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EansasCityBeviewofScienceandludnstry.  KBDBa3Gity,Mo.  Montiily. 
Eunst  im  Gewerbe.     Hauover,  Prussia.    Bi-monthly. 

Lanil  and  Water.    London,  England.    Weekly. 

Landwirth  sell  aft  liche  Jahrbiicher,    Berlin,  Prussia.     Bi-tnontbly. 

Land-  u.  Foretwirthachaft.    Zeitimg  der  Provina  Preussen.    Konigs- 

berg,  Proasia.    Weekly. 
Life- Boat.    London,  England.    Qaarterly. 
Live-Stock  JoarnaL    London,  England. 
London,  Edinbargh  and  Dublin  PhiloBophical  Magazine,  etc    London, 

England.    Monthly. 
London  Illustrated  ISewa.    London,  England.    Weekly. 
La  Lumiere  £llectrique.    Paris,  France.    Monthly. 

Madras  Journal  of  Literature  and  Science.    Madras,  India.    Ir. 

Kagazia  fiir  die  Literatur  dea  Aaslandes.    Berlin.    Weekly. 

Manual  of  Gonchology.    Philadelphia.    Quarterly. 

Maryland  Farmer.    Baltimore,  Md.    Monthly. 

Mat^riaux  pour  I'Histoire  primitive  et  naturelle  de  PHomme.   Toulouse, 

France.    Monthly. 
Medical  Advanca    Cincinnati,  Ohio.    Monthly. 
Medical  and  Surgical  Reporter.    Philadelphia,  Pa.    Weekly. 
Medical  Times.    London.    Weekly. 
Memorabilien.    Heilbronn,  Wiirt«mberg.    Monthly. 
Memorie  della  Society  degU  Spettroscopisti  Italiani.    Palermo,  Italy. 

Monthly. 
M4moires  d'Entomologie.    The  Hague,  Ketherlands. 
Messager  Agricole.    Montpellier,  France.    Monthly. 
Messager  Franco-Am^ricaln.    New  York,  B".  Y.    Daily. 
Messenger  of  Peace.    New  Vienna,  Ohio.    Monthly. 
Meteorologisehe  Beobachtnngeu.    Zurich,  Switzerland.    Ir. 
Meteorological  Observations  made  at   the  Government  Observatoiy. 

Sydney,  New  South  Wales.    Monthly. 
Midland  Naturalist.    Birmingham,  England.    Monthly. 
Miueralogieal  Magazine.     Truro,  England.    Qnarterly. 
Mining  Beeord.    New  York.    Weekly. 
Mittheilungen  der  Anthropologischen  Gesellschaffc.    Vienna,  Austria. 

It. 
Mtttbellnngen  aos  dem  Gebiete  des  Seewesens.    Pola,  Austria.    Ir. 
Mittheilungen  der  K.  K.  Geographischen  Gesellscbaft.    Vieuna,  Aus- 
tria.    Monthly. 
Mittheilungen  aus  Justus  Perthes  Geographischer  Anstalt.    Gotha, 

Saxe-Koburg-GotUa.    Monthly. 
Mittheilungen  des  K.  K.  Oeaterr.  Mnseum  fiir  Kunst  n.  Industrie. 

Vienna,  Austria.     Ir. 
Mittheilungen    der  Schweizeriscben    Entomologischen    Gesellschaft. 

Bchafifhausen,  Switzerland.     Monthly.  ,  .  , 
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MittheiluiigQU  des  Yereios  Wn  Hamborgisi'lie  Geschichte.    Hamburg, 

Germany.    Ir, 
Monatsbericht  der  Ednigl.  Preuss.  Akad.  der  WissenscbafteD  zn  Berlin. 

Berlin,  Prussia.    Monthly. 
Monthly  Index.    TSeif  York.    Weekly. 
Monthly  Record  of  the  Five  Points  Hocse  of  Indastry.    New  York,  H".  Y. 

Monthly. 
Morphologisches  Jahrbuck.    Leipsic,  Saxony.    Quarterly, 

Kation.    Kew  York.    Weekly. 

S'ational  Bepublican.    Washington,  D,  C.    Daily. 

Katuraliste  Uswiadien.    Cap  Bouge,  Qnebec,  Canada.    Monthly. 

^Nature.    LoDdon,  England.    Weekly. 

Katuraleza.    Mexico,    Ir. 

Naturforacher.    Berlin,  Prussia,    Weekly. 

!Naturhistorisk  Tidskrift.    Copenhagen,  Denmark,    Ir. 

Neae  Deutsche  Gewerbe-Zeitnng.    Leipsic,  Saxony.    Bi-monthly. 

New  England  Historical  and  Genealogical  Begister.  Boston,  Mass. 
Quarterly. 

New  York  Medical  Eclectic.    New  York,  N,  Y.    Monthly. 

New  York  Tribune.    New  York,  N,  Y.    Daily. 

Nineteenth  Century.    {American  reprint.)    New  York,  N.  Y.    Monthly. 

Nordisk  Tidskrift  for  Filologie.    Copenhagen,  Denmark. 

North  American  Eeview.    New  York.    Monthly. 

Korthwestem  Trade  Bulletin.    Milwaukee,  Wis.    Weekly. 

Notizblatt  des  Dentschen  Vereins  fiir  Pabrication  von  Ziegel,  Thon- 
waaren,  Ealk  und  Cement.    Berlin,  Prussia.     Quarterly. 

Nouvellea  M^t^orologiques.    Paris,  France.   Ir. 

Numismatic  Chronicle  and  Journal  of  the  Namismatic  Society.  London, 
England.    Quarterly, 

Naovo  Giomale  Botauico  Itiiliano.    Pisa,  Italy.    Quarterly. 

Nyt  Magazin  fiir  Naturvidenskabernea.  Christiauia,  Norway.  Quar- 
terly. 

Observatory.    London,  England.    Monthly. 

Oesterr-Ungar.    Fischerei-Zeitung.    Vienna,  Austria.    Weekly. 

Oesterreichisch  -  Ungarische     Sparkasaen-Zeitung.     Vieuaa,    Austria. 

Weekly. 
Our  Dumb  Animals.    Boston,  Maes.    Monthly. 

Penn  Monthly  Magazine.    Philadelphia,  Pa.    Monthly, 
Pharmaceutical  Journal  and  Transactions.   London,  England.    Monthly, 
Pharmacist.     Chicago,  Bl.     Monthly. 

Philadelphia  University  Journal  of  Medicine  and  Surgery.    Philadel- 
phia, Pa.    Monthly. 
Pbotographische  Correspondenz.    Vienna,  Austria.    Monthly. 
Popular  Science  Monthly.    New  York.    Monthly.  ,  ,  . 

Popular  Science  Eeview.    London.     Quarterly.  i,^''-)O^IC 
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Prairie  Parmer,    Chicago,  HI.    Weekly, 

Payclie.    Cambridge,  Mass.    Monthly. 

Public  Ledger.     Philadelphia,  Pa.    Dailyi 

PabblicazioDi  del  Circolo  Geografieo  ItaliaDo.   Tnrin,  Italy.  Bi-montlily. 

Publishers'  and  Stationera'  Weekly  Trade  Circular.    Kew  York,  N.  Y. 

Weekly. 
Publishers'  Weekly.    Hew  York.    Weekly. 
Puck.    New  York,  N.  Y.    Weekly. 

Quarterly  Journal  of  the  Chemical  Society.  London,  England.  Monthly. 
Quarterly  Journal  of  the  Geological  Society  of  London,  Loudon,  Eng, 
Quarterly  Journal  of  the  Meteorological  Society.  London,  England. 
Quarterly  Weather  Report  of  Meteorological  Office.    London,  England. 

Beading  Times  and  Dispatch.    Beading,  Pa.    Daily. 

Bepublic.    Washington.     Weekly. 

Eevue  Agricole,  Industrielle,  Litt^raire  et  Artistique.    Valencieuuea, 

Prance.    Monthly. 
Eevue  G^ographique  Internationale.    Paris,  France.    Monthly. 
Eevue  Maritime  et  Coloniale.    Paris,  France.    Monthly. 
Eevue  M^dicale  de  Toulouse.    Toulouse,  France.     Monthly. 
Eevue  Politique  et  Litt6raire.    Paris,  France.    Weekly. 
Bevue  Savoisieune.    Annecy,  France.    Monthly. 
Bevue  Scientifique  de  la  France    eit  de  I'Btranger.    Paris,  France. 

Weekly. 
Eevista  de  la  Arquitectura.    Madrid,  Spain.    Monthly. 
Eevista  Cieutiflca  Me^cana.    Mexico.    Monthly. 
Eevista  General  de  Gomuuicaciones.    Havana,  Cuba.    Monthly. 
Eoyal  Astronomical  Society.    London,  England.    Monthly  notices. 

Sanitarian.    Kew  York.    Monthly. 

Scbnlzeitung  fUr  die  Herzogthiimer  Scbleswig-Holstein  und  Lauenburg. 

Kiel,  Prussia,    Weekly. 
Science  GosHip.    LouJou.    Monthly. 
Science  Observer.    Boston,  Mass.     Monthly. 
Scientific  American.    New  York,  N.  T.     Weekly. 
Scientific  American  Supplement.     New  York.    Weekly. 
Scottish  N'aturalist.     Edinburgh,  Scotland.    Quarterly. 
Sitzungsberichte  der  Natarw.    Gesellschaft  Isis.     Dresden,  Saxony. 

Monthly. 
Soci6t6  Centrale  des  Architectes.    Paris,  France.    Monthly. 
SocitSt^  Linutenne  da  I^ord  de  la  France.    Amiens,  France.    Monthly. 
Symons's    Monthly    Meteorological    Magazine.      London,     England. 

Monthly. 

Technische  Blatter.    Prague,  Austria.    Quarterly. 

Telegraph  Journal,    London.    Weekly. 

Tijdschrift  voor  Entomologie,    Leiden,  Holland.    Ir.       (  'onoir 


106     APPEaDIX  TO  THE  EEPOET  OF  THE  SECEETAET. 

TiJsslirift  for  Fopalsere  Fremstillmger  af  Natarvidenskabeni.    Copen- 
hagen, Denmark.    Ir. 
Tidsskrift  for  Veterioairer.    Copeabagen,  Denmark.    Qaarterly. 

Unfifai-isclie  Revue.    Vienna,  Austria.    Ir. 
Urania.    Dublin,  Ireland.    Monthly. 

Tereinigte  Frauendorfer  Blatter.    Fassaa,  Bavaria.    Weekly. 
Yierteljahreclirift  der  Astronomischen  Gesellscbaft.     Leipsic,  Saxony. 

Quarterly. 
Tierteljalirsehrift  der  Naturforschenden  Gesellschaft  in  ZUricli.  Zoricli, 

Switzerland.    Quarterly. 
Volksvlifit,  Tijdschrift  voorNijverheid,  Landbow,  Handel  eu  Scheepvaart. 

Amaterdatn,  Holland.    Monthly. 

Wasbington  Post,    Washington,  D.  C.    Daily. 

Washington  Sentinel.    Washington,  D.  0.    Weekly. 

Wie.ner  Ilhistrirte  Garten -ZJeitung.    Vienna,  Austria.     Monthly. 

Wochenschrift  des  Oeeterreichischen  Ingenieur-  und  Architecten-Verei- 

nea.    Vienna,  Austria.    Wefikly. 
Wochenscbriit  des  Vereines  Deutscher  lugenieure.     Berlin,  Prussia, 

Weekly. 

Zeitschrift  des  Architecten'  nnd  Ingenieur- Vereins  tar  das  Konigrelch 
Hannover.     Hanover,  Prnssia.    Quarterly. 

Zeit^hrift  der  Deutschen  Geologischen  Gesellscbaft.  Berlin,  Prnssia. 
Quarterly. 

Zeitschrift  der  Deutschen  Morgenlandiseben  Gesellschaft.  Leipsic, 
Saxony.    Quarterly. 

Zeitschrift  des  Oesterreichischen  Ingenienr- nnd  Architekten  Vereins. 
Vienna,  Austria.    Monthly. 

ZeitschriftdesVereinesDeutscherlngenienre.  Berlin, Prussia.  Monthly. 

Zhurnal  Ensskago  Kbimitsheskago  Obschestva.  St.  Petersburg,  Bus- 
sia.    Ir. 

Zoologische  Garten.  Organ  der  Zoologiscben  Gesellschaft.  Frank- 
fort on  the  Main,  Prussia.    Monthly. 

Zoologist.    London,  England.    Monthly. 
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liULBS  FOE  THE  EXAMINATION  OF  SPECIMENS  SUBMITTED 
TO  THE  SMITHSONIAN  INSTITUTION. 

1.  QKalitative  examinatioas — ^tbat  is,  for  determining  the  constitnenta 
of  tlie  specimens — are  made  witliout  charge. 

2.  Qtuintitative  examinations,  or  the  determination  of  the  percentage  of 
the  difi'erent  compouents  of  th^  specimens,  can  only  he  made  at  the 
expense  of  Qie  applicant^  the  charge  to  he  in  proportion  to  the  time 
expended  iu  the  work,  e.  g.,  from  $5  to  450,  according  to  whether  it  is 
partial  (determination  of  silver,  lead,  or  iron,'&c,,  only)  or/«tf  (deter- 
mination of  everything). 

3.  The  report  of  quantitative  examinations  will  be  given  ander  the 
name  ot  the  expert  to  whom  the  specimens  shall  be  sabmitted,  and  not 
under  that  of  the  Smithsonian  Institution. 

4.  All  applications  for  the  determination  of  specimens  most  he  made 
by  letter,  addressed  "  Secretary  of  the  Smithsonian  Institution." 

5.  The  specimens  examined,  or  a  part  of  them,  will  be  retained  by  the 
Institution. 

6.  All  specimens  to  be  deliv^^  to  the  Institution  &ee  of  expense. 

Spencek  F.  Baird, 
Secretary  SmiHiaoHian  Institution. 


REPORT  OF  FRED.  W.  TAYLOR, 

Chemist  of  the  Smithsonian  Institution. 

The  present  chemist  entered  upon  his  duties  the  latter  part  of  Jana- 
ary,  1880,  taking  charge  of  the  laboratory  and  mineralogical  departjuent 
during  the  absence  of  Dr.  Endlich,  and  has  continued  to  perform  the 
duties  of  his  office  since  that  time.  The  laboratory  was  found  to  be  in 
comparatively  good  order,  though  the  stock  of  apparatus  and  chemicals 
was  extremely  limited.  By  slow  additions  the  stock  of  both  has  been 
largely  increased,  until  now  the  laboratory  may  be  said  to  be  compara- 
tively well  supplied  for  all  branches  of  inorganic  work.  As  yet  no  pro- 
vision has  been  made  for  organic  work,  and  no  such  work  has  been 
attempted,  as,  in  addition  to  the  lack  of  apparatus,  the  arrangement 
and  fitting  of  the  laboratory  render  snch  work  almost  impossible.  As 
stated  in  the  last  annual  report,  the  work  of  the  laboratory  consists 
in  the  determination  of  various  minerals  sent  in  to  the  Institution 
for  identification,  and  in  the  investigation  of  such  questions  as  may  be 
referred  to  it  by  the  departments.  No  other  work  is  attempted  by  the 
Institution,  thongh  the  chemist  is  kindly  permitted  to  undertake  other 
work  on  his  own  account.    Since  Febraair  1, 1880,  the  chemist  baa  made 
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about  one  buodred  and  twenty  qualitative  reports  to  tlie  Institution  on 
specimens  received,  identirying  nearly  three  times  that  number  of  spe- 
cimens ;  also  some  fifteen  quantitative  reports,  lie  regrets,  however, 
tbat  nearly  ninety  per  cent,  of  the  specimens  received  by  the  Institu- 
tion are  entirely  worthless,  owing  to  the  small  size  of  specimens,  and  to 
the  partiality  of  senders  to  the  sulphide  of  iron  (Pyritt)  and  to  the  sul- 
phide of  itou  and  copper  (Chaleopyrite).  This  unfortunate  fact  has 
prevented  the  vhemist  from  making  any  considerable  addition  to  the 
collection,  or  to  the  supply  of  duplicates.  The  eases  in  the  mineral  hal! 
have,  however,  been  refitted  and  put  in  order  witbont  change  in  the 
system  followed  by  Dr.  Endlich,  and  the  few  valuable  specimens  that 
have  been  received,  where  space  would  not  permit  their  exhibition,  have 
been  temporarily  stored  in  the  drawers  under  the  cases.  Among  the 
specimens  of  value  received  may  be  mentioned  specimens  of  amalgam, 
crude  bullion,  and  fine  silver  from  Montana,  received  from  Mr.  Tbos.  Don- 
aldson; a  small  but  handsome  collection  of  minerals  from  Mr,  Geo,  F. 
Kunz,  of  New  York;  some  fine  specimens  of  native  copper,  contributed 
by  Dr.  Beynolds;  and  a  large  number  of  specimens  of  the  gold  and  silver 
ores  of  the  West,  from  the  surveyors-general  of  the  Western  States.  Here 
Jet  me  enter  a  respectful  protest  against  the  method  of  collecting  these 
speciu-ens.  I  should  not  say  method,  however,  as  my  protest  is  against 
ihe  apparent  want  of  any  method  or  system  whatever.  As  received  the 
specimens  are  of  every  size  and  shape,  from  a  mere  chip  to  a  piece  of 
three  inches  cube,  some  labeled  or  numbered,  some  not.  I  would  sug- 
gest that  each  contributor  of  such  specimens  be  requested  to  send  pieces 
of  something  like  the  same  size,  say  i"  x  C"  X  2";  that  each  sjtecimen 
be  sent  in  duplicate,  and  that  in  all  cases  an  invoice  of  specimens  be 
sent  both  with  the  letter  of  transmittal  and  also  inclosed  with  the  spe- 
cimens. We  would  then  have  a  fair  collection  of  these  ores  instead  of 
the  present  supply  of  chips,  many  of  them  broken  from  the  weathered 
outcrop  of  the  ledge  or  vein  which  they  are  intended  to  represent. 
Another  collection  received  has  been  one  of  the  goljl,  silver,  and  copper 
ores  of  Alaska,  from  Com.  L.  A.  Beardslec ;  a  collection  of  iron,  lead, 
and  copper  ores  iif  South  Africa,  from  Mr.  Geo.  D.  Sidman.  Mr.  F.  A. 
Lowe  has  contributed  a  fine  specimen  of  Ammikitc  and  oneof  Huntilite, 
the  two  new  silver  islet  minerals,  the  first  containing  eighty  per  cent,  of 
silver,  also  a  small  specimen  of  Macfarlanite.  Though  the  chemist  has 
not  as  yet  completed  any  sets  of  duplicates  for  distribution,  he  has  sent 
off  several  sets  that  were  packed  by  Dr.  Endlich,  and  has  under  way 
some  fifteen  or  twenty  more  sets  for  tbat  purpose,  ■  ■ 

These  sets  will  contain  not  only  minerals,  but  also  a  certain  number 
of  lithological  and  geological  specimens,  the  aim  being  to  furnish  a  set 
of  characteristic  minerals  and  ores  for  class  teaching.  Among  the  ques- 
tions referred  to  the  Institution  by  the  departments  was  that  of  the 
utility  of  the  Tichnor  process  for  the  extraction  of  gold  from  its  ores, 
referred  by  the  Patent  OIHce.    This  investigation  was  a  most  tedious 


APPENDIX  TO  THE  BEPORT  OF  THE  SECKETAHV.     109 

and  laborions  ooe,  involving  many  weigliings  of  a  deliquescent  sub- 
stance, wliich  had  to  be  done  with  the  greatest  rapidity,  and  at  the 
same  time  with  accaracy;  also  the  making  of  some  fifty  careful  assays, 
giving  the  chemist  nearly  a  month  of  bard  and  dirty  work.  Another 
question  refierred  t»  the  chemist  through  Mr.  Bhees,  of  the  Institution, 
was  the  character  of  the  coloring  matter  used  on  the  small  squares  of 
paper  given  to  the  children  in  the  Kindergarten  schools  of  the  District 
and  elsewhere.  This  paper  is  a  thin  paper,  colored  and  glazed  on  one 
side  (in  most  cases),  cut  into  five-inch  squares,  and  is  given  to  the  chil- 
dren to  cnt  up  and  fashion  into  various  patterns. 

The  chemist  regrets  that  be  has  not  been  able  to  find  time  to  make 
more  than  a  brief  qualitative  examination  of  the  subject.  Eighteen 
samples  of  paper  were  tested  for  arsenic,  and  out  of  that  number  six 
samples  were  found  to  contain  a  large  amount  of  arsenic  in  different 
forms,  probably  the  most  dangerous  being  a  bright  green  paper,  the 
coloring  matter  being  the  brilliant  but  deadly  Scheele's  green.  The 
other  colors  fonnd  to  contain  arsenic  were  purple,  solferino,  navy  blue, 
carmine  red,  and  vermillion  red.  Another  investigation  undertaken  by 
the  chemist  for  prominent  private  parties  wa^  a  thorough  testing  of  the 
Bo-called  Eobertson  electric  process  for  the  reduction  of  gold  ores.  This 
process,  like  the  Ticbnor,  is  utterly  at  variance  with  accepted  ideas  of 
chemists  and  metallurgists,  and  the  investigation  showed  similar  results 
to  the  Ticbnor  in  proving  ibof  little  value.  In  addition  to  these  inves- 
tigations the  chemist  has  undertaken  numerous  analyses  and  assays  for 
private  parties  of  no  particular  chemical  interest.  The  time  of  the  chem- 
ist has  of  late  been  entirely  occupied  in  overhauling  and  recording  tbe 
vast  amount  of  reserve  material  stored  in  the  Institution,  the  object 
being  to  make  a  complete  record  of  duplicates  and  reserves  and  to  elimi- 
nate all  worthless  material  and  make  room  for  new  contributions. 
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ADDITIONS   TO    THE    COLLECTIONS    OF    THE    NATIOITAL 
M0SE0M  IN  1880.* 

Abbeff  and  Imbrie.    A  large  collection  of  fishing-tackle  (pnrcliased). 

B.  E. 
Act&n,  S.  JS.  (through  Miss  Foster).    A  foasil  shell ;  from  Mexico. 
Adams,  W.  S.    A  small  box  of  fossils ;  from  Ulinoia. 
AdMns,  G.  B.    A  living  land- tortoise  ( Cistudo  clawia) ;  from  Virginia. 
Agarshury,  Q.  8.    A  hawk  {Buteo  swainsoni). 
Alaska  Commercial  Company,  San  Francisco,  Cal.    Two  skeletons  of  pnp 

seaJa ;  from  Alaska. 
Aldrieh,  C.  B.    A  small  collection  of  Indian  implements ;  from  Iowa. 
AlUn,  C.  A.    Specimens  of  birds ;  from  California. . 
Allea,  Walter.    Specimens  of  rock ;  from  Maryland. 
Anderson,   W.  A,,  and  H.  G.  Harrison.     A  specimen  of  leather-back 

turtle  {Sphargia  coriaoea)^  from  York  Eiver,  Virginia. 
Andross,  William  W.    A  stone  axj  from  Connecticut. 
Angus,  J.    Specimens  of  mineral ;  from  North  Carohna. 
Atkins,  Charles  6.    Samples  of  salmon-hatching  trays  and  frames  nsed 

at  Buokaport,  Me.  j  and  a  model  of  flshway,  at  Bangor,  Me. 
Atkinson,  Edward.    Samples  of  silk-weaving  from  the  Glasgow  luda!)- 

trial  School. 
AtiDood,  Capt.  y.  E.    Samples  of  cod-liver  oil;  from  Provincetown,  Mass. 
Babcock,  Dr.  8.  E.  {through  Charles  Mau).    Samples  of  mica ;  from  Ches- 
ter County,  S.  C. 
Barker,  Henry  L.     Specimens  of  living  snakes  (Coluber),  and  tnrtles 

(Pseudemys  seabra] ;  from  South  Carolina. 
Ballou,  J.  iT.     Specimen  of  mineral ;  from  North  Carolina. 
Banta,  W.  V.    Specimen  of  Indian  pottery ;  from  Iowa. 
Barbour,  John  8.  {through  John  X.  Harris).    Sample  of  coalj  from  Vii^ 

giuia. 
Bamett,  G.  W.    Specimens  of  mineral;  from  Texas. 
Barrji,  J.  Tliomas.    Specimens  of  mountain  blacksnako  {Coluber  obso- 

letits) ;  from  Maryland. 
Bartlett,  J.  H.,  &  Sons,  I^em  Bedford,  Mass.    Samples  of  whale  oils  and 

bane. 
Bassett,  Wm,  H.    Spawn  of  acnp;  firom  New  Bedford,  Ma&s. 
Bateman,  J,  E.    Specimen  of  salamander ;  from  Maryland. 
Beach,  M.  8.    Specimen  of  mineral ;  from  Wisconsin. 
Bean,  Capt.  J.  W.    A  young  Orotapkytus ;  from  New  Mexico. 
Bean,  Dr.  T.  H.    Specimens  of  fish  {Centrarchus,  Pomonn/s,  Chienobryt- 

tus,  tS:c.,  <£o.];  from  North  Carolina.  Specimens  of  shad  from  the  Po- 
*NOTR. — ContribntionB  made  thioDgh  tbe  United  States  Commisaion  of  Elali'  and 
Slsheriea  ma;  be  found  in  the  list  of  additions  nnder  Washington,  D.  C. 
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totuac  Biver.  Carpet-loom  and  appurtenances  nsed  in  1819.  (See,  also, 
Washington,  United  States  Commisaion  Fish  and  Fisheries.)  Very 
large  general  collections  of  natural  histoiy  and  ethnology,  from 
Alaska  and  the  Arctic  Ocean.    (See,  also,  Dall.) 

Beard  and  Thomaa.  Two  photographs  oi  jaw  of  mastodon,  fonnd  in 
N^ebraska. 

Beardslee,  Commander  L.  A.,  TJ.  8.  2f.  Specimens  of  minerals,  corals, 
fishes,  birds,  and  ethnologica;  from  Alaska. 

Beardsley'a  (tf.  W.)  Sons,  N'etc  York.  Seven  cases  of  canned  and  boxed 
fishes. 

Beckwithf  H.  C,  Acting  Assistant  Ejigineer,  U.  8.  N.  Specimens  of  cre- 
taceous fossils ;  &om  Colorado. 

Beldijig,  L,  A  large  numljer  of  specimens  of  the  skins,  nests,  and  eggs 
of  birds,  living  snakes,  toads,  &c.,  plants  and  Indian  relics ;  Irom  Cal- 
ifornia. 

Bell,  James,  XTnited  States  Land  Offtee.  A  large  collection  of  living 
snakes,  specimens  of  birds  skins,  nests,  and  eggs,  Indian  relics,  and 
crania,  from  mounds,  &c. ;  from  Florida. 

Bendire,  Capt.  Okarlea,  U.  8.  A.  Specimens  of  birds  skins,  nests,  and 
eggs;  grasshoppers  and  fishes;  firom  Fort  Walla  Walla,  Washing- 
ton Territory. 

Benecke,  Lewis.  Specimen  of  spider  {Aerosoma  mgosa,  Hentz.) ;  from 
Missouri. 

Benner,  J).  J.  Specimensof  cocoons  of  silk-worms  and  silk;  from  South 
Carolina. 

Bennett,  Richard.    Specimens  of  minerals ;  from  Arkansas. 

Berry,  Mrs.  R.  P.    Human  skull ;  from  Newport,  B.  I. 

Billings,  Melvin.    A  box  of  Indian  relics,  pottery,  &c. ;  f^m  Kansas. 

Binney,  W.  G.  A  large  collection  of  terrestrial  mollusca,  identified  and 
labeled,  constituting  his  original  collection  and  the  types  of  his  work. 

Bimey,  H.  S.  A  specimen  of  living  snake  {LepU^hia  cesUvus)  ;  &om 
Washington,  D.  C. 

Bishop,  S.  J.  M.    Specimens  of  invertebrates ;  from  Connecticut. 

Blackford,  E.  6.  A  large  number  of  specimens  of  fishes  taken  along 
the  Atlantic  coast  of  the  United  States,  from  Maine  to  Florida. 

Blo8ier,H.  Aspecimeu  of  tailor  shad(7>cn'08omacepe(2tana);  from  Ohio. 

Boardman,  Qeorge  A.    Male  and  female  of  Barrows'  golden-eye  duck, 

Boehmer,  George  H.  A  deformed  ciiickeu,  minerals,  Indian  stone  ham- 
mer, snakes,  and  muskrat;  from  Maryland. 

Booth,  A.,  Chicago,  III.  Five  cases  of  preserved  salmon  and  one  case  of 
oysters. 

Booth,  M.  A.  Specimens  of  diatomaceoos  earths ;  from  Long  Island 
Sound. 

Boston  (The)  Rumane  Society,  Boston,  Mass.  Box  of  charts,  medals,  &c., 
issued  by  the  society. 

Borland,  Dr.  A.  M,  Pour  boses  of  Indian  implements  and  fossils :  from 
Arkansas.  .Cotl^^fc 
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Bowie,  Osborne.    A  living  turtle  [Emys  rugom) ;  from  Virginia. 

Bowron,  W.  M,    Specimens  of  Septa ;  from  Virginia. 

Bracldn,  Alfred.    Iron  pyrites;  from  North  Ottrolina. 

Bradfield,  R.  L.'    Specimen  of  silicified  wood;  from  "West  Virginia. 

Bradford  and  Anthony,  Boston,  Mass.    A  collection  of  fishing  tackle. 

Brady,  Rev.  John  {through  W.  H.  Ball).    Specimens  of  smelt  {Osmerus 
pacificus) ;  from  Alaska. 

Braunslein,  John  A,  J,    Two  grooved,  axes  and  a  number  of  arrow  heads  j 
from  Maryland. 

Breedonj  Jacob.    Pliotographs  of  Castoroides  ohiensis. 

Breicer,  tiamuel.    Specimens  of  mineral;  from  Virginia. 

B)-itton,  W.  A.    liock  specimens ;  from  Arkansas. 

Broadhead,  Prof,  G,    Box  of  fossils;  from  Miasoari. 

Broadus,  A.    Specim^is  of  Pyro2imte;  from  Virginia. 

Brodkead,  Boss  B.    Young  living  alligators ;  from  Florida. 

Brock,  R.  A.    Specimens  of  scoria  from  iron  farnace. 

Brown,  J.  B.    Specimens  of  locusts ;  from  Oliio. 

Brown,  J.  J,    Specimens  of  PlanorbU;  from  Wisconsin. 

Brown,  N.  C.    Specimens  of  bird-skins ;  from  Maine. 

Brawn,S.  C,    Tank  of  alcoholic  tUhes,  reptiles,  &c.;  from  Western  New 
York. 

Bryan,  Oliver  JT.    Specimens  of  fnngi;  from  Maryland. 
Bryant,  B.  J>.,jr.    Specimens  of  conglomerate ;  from  Maine, 
BuUen,  George  W.    Specimens  of  minerals;  from  Washington  Territory. 
Bunn,  Joseph.    Scales  of  alligator-gar  [Lepidnsteus). 
Burns,  Frank.    Specimens  of  rock;  from  Alabama. 
Burr,  Dr.  R.  T.,  U.  8.  A.    A  collection  of  plants  and  insects,  and  alco- 
holic reptiles;  from  Arizona. 
Bvrtele,  B.    A  box  of  shells  j  from  Alabama. 
Bush,  Mrs.  A.  E.    Specimens  of  California  mosses. 
Busy,  John  R.    Specimens  of  quartz ;  from  Maryland. 
Butler,  Amos  W,    A  collection  of  Indian  arrow-  and  spear-heads ;  fit>m 

Illinois. 
Caldwell,  S.  D.    Skin  of  bittern  (Botaurus  lentiginoaus) ;  from  District  of 

Columbia. 
Call,  Wilkinson,  TJ.  8.  8enate.    Specimens  of  copper  ore ;  from  New  Mex- 
ico. 
Cambridge,  Mass.,  Museum  of  Comparative  Zoology,  Prof.  Alexander  Agat- 

siz,  Director.    A  collection  of  North  and  South  American  fishes. 
Campbell,  Charles  D.    A  grooved  stone ;  from  Ohio. 
Campbell,  J.  B.    Two  fossils ;  from  California. 
Cannon,  William.    Clay  pipe ;  from  Florida. 
Carpenter,  Charles.    Specimen  of  sucker  [Catostomus  longirostris);  from 

Lake  Erie. 
Carpenter,  0.  A.    Specimens  of  minerals;  from  Arizona. 
Caton,  Judge  J.  D.    Skull  of  ^/dropotes  inermia. 
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Chamberlain,  M.    Specimen  of  gull;  &om  New  Brunswick. 

Chambers,  D.  M.    Specimen  of  snake  {Storeria  occipitomaeulata) ;  from 

New  York. 
Ohameuret,  W.  M.    Specimensof  iron  ore;  from  Alabama. 
Chandlee,  John  F.    Stone  axe ;  from  the  Snequebanna  river,  Pennayl- 

vauia. 
ChatidUr,  Copt.  B.,  U.  8.  N.    Specimen  of  crab ;  from  the  Samoau  Is- 
lands. 
Chate,  Edward  A.    Pair  of  scissorH  taken  from  stomach  of  cod. 
Chattain,J.  T.    Specimen  of  thread-herring  (Opi>fAon«fna  tkrissa);  from 

Georgia. 
Chetter,  H.  C.    Model  of  flahing  boat 
Choate,  W.  E.    Skull  of  Indian  chief. 
Christian,  H.  A.    Mounted  specimen  of  dab-chick  {Podilymhua  podiceps) ; 

from  Ohio. 
Chubb,  R.  E.    A  mounted  specimen  of  "  Kirtland  warbler'';  from  Ohio. 
Churchill,  J.  H.    A  specimen  of  star-nosed  mole;  frx>m  New  York. 
Cincinnati,  Ohio,  Cuvier  Club.    A  collection  of  bird  skins. 
dark,  Frank  N.    Box  of  fiab-hatching  apparatus,  eggs  of  white-fish, 

and  specimens  of  fish  from  Lake  Michigan. 
Clark,  Robert,    Specimen  of  mole  (Microsorex  ftoyt) ;  from  Colorado. 
Clarke,  Samuel  O.    Specimens  of  insects ;  from  Florida. 
Clartx,  Walker.    Two  boxes  of  minerals;  from  New  Mexico. 
Clajfion,  C.  T.  'Skin  of  bird;  firom  Maryland. 
Cleneay,  Thomas.    Bos  of  stone  implements ;  from  Ohio. 
Coate,  B.  K.    Collection  of  bird-skius,  46  species  and  112  specimens. 
Cockerill,  Slanard.    Specimen  of  grass-snake  {Cyclopkis  tEstivus). 
Cole,  C.  A.    Two  cases  of  "Irish"  moss;  from  Massachuaetts. 
Coleman,  0.  S.    Specimen  of  rock;  from  Virginia. 
Collier,  Carl  [through  L.  Belding.)    ludian  stoue  tube;  from  California. 
Collint,  O.  E.    Box  of  birds ;  from  Fort  Laramie,  W.  T. 
Colvan,  E.    Deformed  catfish  {Amiurua  albidus) ;  Potomac  BiTQ*. 
Conrad,  L.    Specimens  of  mineral;  from  Ohio. 
Oonroj/,  Bistett  &  Malleton,  Nete  York  City.    Eight  boxes  of  flsfajng  rods, 

flies,  and  general  camp  outfit  (purchased).     B.  E. 
Cook,  Richard  E.    Specimens  of  iron-ore ;  frv)m  Alabama. 
Cooktelle,  Stanley.    Ten  specimens  of  arrow-heads. 
Cooper,  George  H.    Ball  of  hair  taken  from  stomach  of  cow,  and  two 

arrow-beads ;  from  Virginia. 
Copley,  Jamet  D.    Euife  made  from  human  bone ;  from  Sullivan  County, 

K"ew  York. 
Corker,  Capt.  8.  M.  {through  C.  0.  Letlie).    Si)ecimens  in  alcohol  of  fish 

and  8beUs  taken  by  the  smack  "  H.  E.  Thompson,"  of  Charleston,  S.  C. 
Cornwall,  Prof.  A.  R.    Jaw  of  blaekfish  [Phocana  americana). 
Coraon,  J.  N.  K.,  U.  8.  A.    Living  tortoise  {Testudo  agasiini)  and  lizard 

(8celopontt) i  frvm  California.  /    i^oolr 
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Couea,  Dr.  UlUottf  U.  S.  A.  Specimens  of  mammals,  bii-ds,  and  'bird's 
□eat  and  eg^. 

Cox,  Capt.  James  V.    Model  of  South  Sea  Island  dag-oat  canoe. 

Crawford,  Capt.  E.,  U.  S.  A.    Eigbteen  boxes  of  foasils ;  &om  Dakota. 

Cromwell,  Capt.  Levi,  Head  of  BftH-^sb  (Histiophorui  atnsricanua);  from 
off  Bamegat. 

Culler,  Peter,    Box  of  minerals ;  Irom  Maryland. 

DaXl,  W.  H.  and  T.  H.  Bean.  Forty-seven  boxes  of  general  nataral  his- 
tory and  etbnolo^cal  collections ;  from  Alaska. 

Damvsure,  Edwin,    Living  black-snake  {Baaoanion  eonatriotor). 

Daniel,  F.  V,    Package  of  fossils ;  &om  Texas. 

Daniel,  L,  8.    Specimen  of  mineral;  &om  Texas. 

Darrow,  J.  W.    Specimens  of  insects;  from  Sentocky, 

Da/oia,  A.  E,    Specimens  of  insects ;  fh)m  Arizona. 

Davis,  H,  6.,  U.  S.  Senate.    Specimens  of  minerals ;  from  West  Virginia. 

Davis,  Joshua,    Small  box  of  stone  implements;  fix)m  Maryland. 

Dcnnison,E.  W.  Trout,  weighing  eleven  pounds;  from  Bangeiey  Lake, 
Me.    (Purchased.) 

Dent,  J,  P.    Specimens  of  minerals. 

Detioiier,  S.  8,    Box  of  minerals ;  from  Pennsylvania. 

Dickinson,  E.    Collection  of  bird's  nests ;  from  Massachasettfi. 

DoaTc,  M.  8.    Two  boxes  of  minerals ;  from  Tennessee. 

Dodge,  Lieut,  Col.  Eickard  J.,  U.  8.  A,  Box  of  plants  and  flowers ;  frvm 
CaUfomia. 

Domnitz,  H.     Specimens  of  terrapins  [Paeud^ttys  picta),    (Purchased.) 

Donaldson,  Thomas.  Eight  boxes  of  minerals;  from  the  "Lexington 
Mine,"  Montana.' 

Doron,  T.  8,  Specimens  of  fish,  Indian  relics,  and  skin  of  wild-oat 
(Lynx  rvfua) ;  from  Alabama. 

Dorsey,  R.  B.    Specimen  of  fossd  {Aturia) ;  from  Oalifomia. 

Dowell  J,  G.    Six  specimens  of  herons. 

Downman,  B.  H.  Specimens  of  pike  (fsoxammoona)  and  insects;  from 
Virginia. 

Drane,  Dr.  0.  A.    Stone  ax ;  from  Saint  George  County,  Md. 

Driver  &  Sckojleld.    Specimen  of  monkey  {Cercopitlteeus), 

Dudley,  W.  L.    Section  of  fossil  tree ;  from  Kentucky. 

DttgSs, Prof .  Alfredo.  Boxofbirds'skins,inseGts,reptiIe8,&c;  fromatate 
of  G-uan^oato,  Mexico. 

Dummon,  Richard.    A  living  blind  chicken. 

Durand,  Wtn.  8.    Plant;  from  Michigan. 

Dupre,  D,  A,    Specimens  of  minerals ;  from  South  Carolina. 

Earll,  R.  E.  Nine  boxes  and  tanks  of  fresh  and  alcoholic  specimens  of 
fishes  from  various  places  along  the  Atlantic  coast  of  the  Southern 
States ;  fishing  gear  used  in  Florida  and  the  Carolinas ;  yoke  for  pat- 
ent knee  of  dory;  one  fish-sound  extractor;  a  collection  of  fish  sounds, 
and  samples  of  Ynpon  tea,  firom  STorth  Carolina. 
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Harll,  R.  E.,  and  if.  McDonald.    Two  tanks  of  alcoholic  specimens  of 

fishes ;  from  North  Carolina. 
Eaatet'day,  Geo.  W.,  and  J.  B.  Bachtell.    Specimens  of  minerals ;  &om 

Beaver  Creek,  Md, 
Edmondsj  Bickard  H.     Two  cases  of  canned  crabs  and  specimens  of 

oyster  shells,  also  photographs  of  flsh-oanning  establishments. 
Edwards,  Tinal  Hf.    Nine  boxes  of  alcoholic  specimens  of  fishes;  from 

Wood's  Holl,  Mass. 
Eisen,  Ouataf.    A  collection  of  alcoholic  specimens  of  reptiles;  itora 

California. 
Elegat,  William  B.    A  specimen  of  trilohite ;  from  Ohio. 
•Endlich,  F.  M.    Specimens  of  hunting  implements  used  by  the  Wapsiana 

Indians  of  British  Guiana ;  skins  of  jaguar  and  monkey,  and  dried 

specimens  of  trunk  ajid  flying  fishes;  also  aboriginal  West  Indian 

pottery. 
English,  Commodore  Earl,  U.  S.  JT.    Specimens  of  minerals. 
Esperaoa,  Son.  Henry,  Surveyor- General,  Dakota.    Three  boxes  of  min- 
erals; from  various  mining  claimR  in  Dakota. 
Evans,  C.  H.    Specimen  of  graphite. 
Evans,  Command^-  R.  J).,  U.  8.  2f.    Two  boxes  of  soundings ;  from  the 

North  Atlantic,  taken  by  the  United  States  steamer  Saratoga  dtmng 

the  years  1879  and  1880. 
Fair,  A.  JD.  M.    Box  of  shells ;  from  Honduras.    A  small  box  of  fossils ; 

from  New  Jersey;  and  teeth  of  porbeagle  shark. 
Fairbanks,  N.  K.  (throttgh  A.  Booth.)    Specimens  of  California  salmon 

taken  in  Geneva  Lake,  Wisconsin.    . 
Falkiner,  W.  R.    Specimen  o{  asbestos;  from  Virginia. 
Farquhar,  Col.  F.   U.,  U.  S.  A.,  Secretary  lAght-House  Board.    A  large 

collection  of  corals ;  irom  the  Tortugas,  ^Florida. 
Mndley,  J.  J.    Specimens  of  minerals ;  from  New  Mexico. 
Findley,  8.  M.    Hawk  {Buteo  boreaUs) ;  from  Virginia. 
Figyelmesy,  Philip,  United  States  consul  JDemarara,  BriUsh  Ouiana.   Bark 

canoe  and  paddles,  and  collectioQ  of  pottery  and  basket-work ;  made 

by  the  Indians  of  British  Guiana. 
Fisher,  W.  J.    Mollusks ;  from  Maine. 
Fitch,  Captain.    Nest  of  Brazilian  oriole. 

Mtzhugh,  D.  R.    Specimen  of  fish  (Percopsis  pelludda);  fcom  Michigan. 
Flsetwood,  William  A.    Specimen  of  pointer. 
Fletcher,  Thomas.    Small  box  of  minerals ;  fh)m  Arkansas. 
FoTiM,  Raymond  W.    Mounted  specimens  of  birds. 
Forney,  George  S.    Specimens  of  minerals ;  from  New  Mexico. 
Fox,  Manniial,    Metallic  mask ;  from  Ohio  (lent  for  casting). 
Friedricksten,  Count  A,  von  Donhoff.    Stone  mask  (lent  for  casting). 
Frmokel,  George  ST.    Specimen  of  tale. 
Frizzell,  Bernard  F.    Specimen  of  flying  squirrel  (iSbJuropferus  volucella); 

from  Washington,  D.  0. 
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Fullea,  Andrew.    Small  box  of  minerals ;  from  West  Virginia. 

Furber,  F.  B.    Specimens  of  miDerals ;  from  Texas. 

Furr,  Oharlea  E.    Siiecimen  of  iron  pyrites. 

Gdlhraith,  Franlc  6.  Two  boxes  Indian  implements  and  one  tank  of  al- 
coholic specimens  of  fishes ;  from  Lancaster  Gonnty,  Pa. 

Oalindo,  Don  Ignach  [through  Dr.  E.  Palmer).  Mammy  and  smronnd- 
in^s ;  from  cave  at  Ooahuila,  Mexico. 

Chilliher,  N.  M.    Specimen  of  ore ;  from  Yii^aia. 

Garlick,  Theodatus.    Two  casts  of  fishes. 

Gamier,  John  S.    Specimens  of  snakes;  from  Ontario. 

Oarratt,  A.  {through  Dr.  Hartmann).  Stone  ax ;  fh>m  the  Society  Isl- 
ands. 

Oeam,  W.  B.  Seeds  of  Ohenopodium,  taken  from  Indian  mooud  in  Da- 
kota. 

Gere,  J.  E.    Box  of  Indian  relics;  from  Wisconsin. 

Gemerd,  J.  M.  M.    Speoimena  of  fossiliferoas  rocks ;  from  Pennsylvania. 

Gemer,  William.    Living  specimens  of  mussels;  from  Alabama. 

Qibls,  George  J.  Deposit  taken  from  old  salt  pond,  Grand  Tarks  Isl- 
and, W.  L 

Gilbert,  Oharlea  B.  Poor  tanks  alcoholic  specimens  of  fishes ;  itom  the 
Pacific  coast  of  the  United  States.    See  also  under  Jordan,  D.  S. 

Qilbert,  6.  K.  One  tank  and  box  of  alcoholic  8i>ecimens  of  fishes ;  ftaai 
Utah. 

QiUias,  Capt.  James,  U.  8.  A.    Pair  of  elk  antlers ;  &«m  Wyoming. 

Gloas,  Joseph  D.  Living  box  tortoise  [Oistudo  claitaa) ;  from  the  District 
of  Columbia. 

Gloucester  (Mass.)  IsiTiglass  and  Give  Company.  Four  boxes  of  samples 
of  isinglass,  glne,  &c. 

Glover,  Prof.  Tonmend.    Case  of  mounted  specimens  of  birds. 

Goodale,  S.  L.    Sample  of  food  extract  of  mackerd. 

GooUn,  N.  W.    Samples  of  beet  sugar  and  simp. 

0088,  N.  8.    Bird-skjn;  from  Briers'  Island,  !N.  Scotia. 

Qough,  Stephen  E.,jr.    Two  Jiving  homed  frogs  {Pkrynosoma). 

Orop,  L.    Box  of  fossil  fems;  from  Arkansas. 

Graham,  A.  H.    Osteological  specimens;  &om  mound  in  Texas. 

Gray,  Professor  Asa.    Four  Indian  implements  (lent  for  casting). 

Gray,  8.  O.    Sample  of  soapstone;  from  Ohio. 

Oreely,  Lieut.  A.  W.,  U.  8.  A.  Pharyngeal  bones  of  drum  [Pogonias 
ehromis) ;  from  Sandy  Hook. 

Green,  Lieut. L.  D.,  U.  8.  A.  Portion  of  skull  of  bear;  from  Wyoming 
Territory. 

Green,  Seth.    Collection  of  fish-batchiog  apparatus. 

Qri^th,  0.  E.    Specimen  of  bloe-taUed  lizard;  from  Maryland. 

Griffith,  Damd.    Specimens  of  minerals ;  from  Marjdand. 

Grigsby,  0.  8.    Water- worn  piece  of  limestone;  from  Tennessee. 

Grigshy,  J,  B,    Spedmen  of  ore;  from  Tennessee. 
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Grimes,  H.  O.,  U.  8.  A.    Swan ;  iVom  Yankton,  Dakota. 

Griscotnej  J.  W.    Specimens  of  Branohipm. 

Oneade,  L.    Jar  of  alcoholic  mammals,  fishes,  and  reptiles ;  &om  Gluade- 
loape. 

Haines,  Macy  P.    A  collection  of  fossils ;  from  Indiana, 

BaUer,  A.  8.    Specimens  of  insects;  from  Virginia. 

HolsteA,  Miss  May  A.      Lower  Jaw  of  fresh-water  drum  {Haploidonotus 
grunniens) ;  from  the  Mississippi  Biver. 

ffamlen,  William.    Two  fossil  oysters,  from  the  Potomac  River. 

Sampton,  Wade,  U.  8.  Senate.    Specimens  of  alligator-gar  and  shovel- 
nosed  oat-fish  {Idtkolepis  and  Polyodon) ;  from  the  Mississippi  Biver. 

Mancock,  John.     Specimens  of  minerals ;  from  Arizona  and  Texas. 

Harrison,  Oeorge  B.    Bird ;  from  Virginia. 

Hartman,  Andrew.    Stone  ax ;  from  York  Gonnty,  Pennsylvania. 

Hq^h,  Philo  T.    Sample  of  sheU  marl ;  from  New  York. 

Eawes,  Dr.  Q,  JE.    Insect ;  from  Florida. 

Eawley,  Dr.  G.  A,    Medal  of  Indian  or  Mexican  make ;  from  Guatemala. 

Sayward,  F.  W.    Living  specimens  of  j^frenand  Amphiuma;  from  Sonth 
Carolina. 

Mealy,  Rev.  P.    Homed-fix>g ;  from  Oalifomia. 

Henckle,  Ambrose  L.    Specimens  of  Indian  implements ;  from  Virginia. 

ffenderson,  Judge  John  G.    Four  boxes  of  Indian  relics  taken  from  the 
"  N'aples  Mound,"  Illinois. 

Henderson,,  8.  J.    Specimens  of  minerals ;  from  Ohio. 

Henry,  L.  B.    Specimens  of  minerals ;  from  Virginia. 

Hemhaw,  S.  W.    A  small  collection  of  bird  skins ;  also  stone  pestle 
from  Idaho. 

Hereford,  Prank,  V.  8.  Setiate.    Specimens  of  minerals;  from  West  Vir- 
ginia. 

Herendeen  Oapt.  E.  R.    Specimens  of  stone  relics ;  from  the  Korth  Pacific 
Islands. 

Hering,  G.  J.    Collection  of  natural  history  and  ethnological  specimens ; 

.  fr(Mn  Surinam. 

Hermes,  Dr.    Two  specimens  of  eels ;  from  Germany. 

Herring  c6  Co.,  ifew  York.    One  large  burglar  and  fire  proof  safe,  man- 
ufactured expressly  for  and  presented  to  the  TJ.  S.  National  Museum. 

Hess,  F.    Meteoric  stone ;  from  Iowa. 

Heyman,  Professor.    Section  of  whale  vertebra. 

Hicks,  G.  H.    Indigo  bird  {Cyano^iza  q/anea),  and  collection  of  Indian 
relics ;  from  Michigan. 

Sigh,  Auguttvs.    Specimens  of  minerals ;  fcom  Dakota  Territory. 

HUl,  A.  0.    Specimens  of  insects;  from  Vermont. 

Hill,  D.  D.    Minerals;  from  New  Mexico. 

HiU,  R.  T.    Specimens  of  crystals. 

Hillmam,,  Prof.  Uno.   Samples  of  albumen  made  from  the  eggs  of  the  cod. 
HiJyer,  Prof.  Henrico.    M 
bird  skins ;  from  Italy. 
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Hinston,  J,  S.    Specimen  of  coal  j  &om  Georgia. 

Eitchcodk,  George  N.    Egg  of  a  gnlL 

Mitz,  Gharlea.    Stone  as. 

Sobba,  Orlando,  Two  boxes  of  land  and  firesh-water  shells,  and  Palso- 
zoic  fossils ;  from  Indiana. 

Mockhaus,  F.  W.    Specimens  of  iron  pyrites ;  from  Iowa. 

Solieniusoh,  H.  H.    Box  of  minerals ;  &om  Fennsylvania. 

Hollidag,  J.  0.    Specimen  of  meteoric  stone;  £rom  Sontb  Carolina.  < 

Solmes,  W.  H.  Specimens  of  quartz,  caloite,  and  obsidian ;  &om  the 
Yellowstone  iNational  Park. 

Horan,  Henry,  Specimens  of  living  snakes ;  fix)m  Maryland  and  Vir- 
ginia. 

Morn  Silver  Mining  Company.    Specimens  of  ores. 

Sowe  &  French,  Boston,  Mass.    Specimens  of  American  isinglass. 

Eowgate,  Copt.  H.  W.,  U.  8.  A.  Two  living  Eskimo  dogsj  from  Oagen- 
land. 

HiAbell,  —       .    Specimen  of  doapstone ;  from  Virginia. 

Mugklett,  Thomas.  Specimens  of  sea  trout  ( Cynosoion  regaiis)  and  ribbon- 
fish  ;  from  Maryland. 

Sunt,  B.  A.    Collection  of  ethnological  specimens;  from  Georgia. 

Swater,  John.    Specimen  of  decomposed  feldspar. 

Huntingdon,  Charles  L.,  IT.  8.  if.  Two  boxes  of  sonndings;  taken  by 
■  the  U.  S.  S.  Alert  in  Teddo  Bay,  Japan. 

Suyama/n,  Theodore  [through  Dr.  C.  Ra/a.)  Stone  celt;  found  in  the 
State  of  Magdalena,  United  States  of  Colombia. 

Hyams,  C.  N.    OoUection  of  birds'  eggs ;  from  North  Carolina. 

IngersoU,  Ernest.    Box  of  Indian  relics ;  from  New  York, 

Japan,  Bureau  of  Education  of  (MonUtuaho).    Two  boxes  of  botanical 


Jennings,  John.    Ghimky-stone ;  from  Tennessee  (lent  for  casting). 

Johjiston,  0.  W.  Specimen  of  sparrow  [Passerella  Townsendi) ;  from  Cali- 
fornia. 

Johnson,  Master  Samuel  M.    Albino  rat ;  from  Soath  Africa. 

Johnson,  Samuel  M.  Collection  of  Indian  pottery  and  implements,  and 
living  tortoise  and  snake;  from  Texas. 

Jones,  Mrs.  A.  E.  Living  water-snake  {Tropidonotus  fasdatus) ;  fixim 
Vfrginia. 

Jones,  Alfred.    Leaf,  with  insect  adhering. 

Jones,  D.  A.    Specimens  of  minerals ;  from  Virginia. 

Jones,  George  C.    Casts  of  Indian  implements ;  from  Connecticut. 

Jones,  John  P.,  United  States  Senate.  Specimen  of  mineral ;  from  Ne 
vada. 

Jordan,  David  S.,  and  CJiarles  H.  Gilbert  Sixty -five  boxes  and  tanks  of 
fishes,  taken  along  the  Pacific  coast  of  the  United  States ;  also,  a  series 
of  fish  preparations  for  food,  &c.,  obtained  in  San  Francisco. 

Jordan,  W.  if.    Specimen  of  mineral;  fhwn  South  CM^Zina,  ■  , 
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Jmiy,  P.  L.    Specimens  of  fishes,  from  Waflhington  Market;  specimens 

of  snakes  and  birds,  from  Maryland ;  and  a  large  collection  of  birds, 

from  Cobb's  Island. 
Kefauver,  S.  B.    Specimen  of  rock ;  from  Maryland. 
Kelly,  Moses.    Specimen  of  chromic  iron ;  from  Maryland. 
Kemp,  J.  0.    Grape-vine  borer ;  from  Virginia. 

Kendall,  J.  K.    Specimen  of  barnacle  goose ;  from  Jamaica  Bay,  L.  I. 
Kenyan,  0.  A.    Specimen  of  worms ;  from  Iowa. 
Kerne,  Lieut.  L.  M.,  United  States  Revenue  Marine.    Arrow -head ;  fiwm 

Port  Eoyal,  S.  C. 
Kidder,  Dr.  J.  H.    Tank  of  alcoholic  specimens  of  fishes ;  from  Beyrout, 

Syria. 

Kilby,  ■ .    Egg  of  turkey-buzzard ;  from  Virginia. 

Kinff,  Larldn.    Speciiitens  of  minerals ;  from  Texas. 

Sitchea,  C.  M.    Specimens  of  plants  ;  from  Virginia. 

Knickerbocker,  Millis.    Package  of  seeds,  &c. ;  from  Florida. 

Knott,  John,  jr.    Specimen  of  hair-snake  {Qordius). 

Koebele,  Albert.    Box  of  birds'  skins  and  eggs,  and  insects. 

Koehler,  William.    Sample  of  fish  food, 

Koontz,  George  8.     Specimen  of  ore. 

Koat,  Prof.  J.    Collection  of  fossil  rocks,  &c.  j  fh>m  Michigan. 

Kumlien,  Ludwig.    Leather  made  from  skin  of  sturgeon ;   specimen  of 

fish  from  Lake  Ontario ;  and  staffed  skin  of  salmon  from  Cape  Vincent, 

N.  T. 
Kuntz,  George  P.    Box  of  minerals. 
Langdon,  F.  W.    Box  of  Indian  relics ;  from  Ohio. 
Lanphear,  6.  B.    Specimens  of  fishes. 

Latimer,  A.  W.    Fossil ;  from  the  Chattahooche  River,  Alabama. 
Latimer,  W.  M.    Stone  image;  from  Porto  Rico,  West  Indies. 
Lawrence,  Alfred  N.    Specimen  offish;  from  Now  Jersey. 
Lawrence,  George  S'.    Stone  as ;  from  Essex  County,  N.  J. 
Lawrence,  J>r.  George   W.     Specimen  of  thread-herring  [Opisthonema 

ihriaaa) ;  from  Arkansas. 
Lawrence,  Robert.    Specimen  of  dwarf  deer. 
Lee,Ih:  W.    Hair-snakes  (&on2iu«]. 

L^pelman,  L.    Three  boxes  of  Indian  relics;  from  Ohio  (lent  for  casting). 
Leslie,  Charles  C.    A  collection  of  fr-esh  and  alcoholic  specimens  of 

Sshes ;  from  South  Carolina. 
Lewis,  L.  L.    Specimens  of  plants  and  rocks;  frflm  New  York. 
Lightbum,  Dr.  R.  E.,   U.  8.  A.      Living  specimen  of  Gila  monster 

{ffeloderma  korridum) ;  fixim  Arizona. 
Lippold,  George.    Living  specimen  of  snake  {Oph&H>lws  doliatm) ;  from 

the  District  of  Colombia. 
Lodce,  W.M.    Deformed  specimen  of  soft^sbeU  turtle  (Achedoneetea  spin- 
ifm-] ;  from  Illinois. 
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Logan,  John  A.,  United  States  Senate.    Samplea  of  coal ;  from  Illmoie. 
Longfield,  Frank.    Specimens  of  snakes  and  insects ;  &oni  Texas. 
Lowry,  Robert.    Albiuo  specimen  of  snowbird  {Junco  hyemalis) ;  from 

Virginia. 
Luther,  S.  M.    Specimens  of  Indian  relics;  from  Ohio  and  Micbigan 

(lent  for  casting). 
Luttrell,  Chests.    Box  of  Indian  relics;  from  Alabama. 
Luttrell,  JEUton.    Three  boxes  of  ethnological  and  mineralogical  speci- 
mens ;  from  Alabama. 
Lyon,  V.  W.    Two  boxes  of  fossils ;  from  Indiana. 
Maddox,  W.  L.    Specimen  of  fossil ;  from  Ohio. 
Mamock,  6.  W.    Specimens  of  toads ;  from  Texas. 
Marshall,  George.    Specimens  of  birds ;  from  Maryland. 
Marvin  Brothers  and  Bartlett,  Portsmouth,  Jf.  H.    Five  cases  of  samples 

of  cod-liver  oil. 
Matthetps,  Charles.    Specimen  of  caterpillar ;  from  Arkansas. 
Mayo,  Henry,  &  Co.,  Boston,  Mass.    A  large  number  of  samples  of  the 

various  kinds  of  preserved  fishes. 
McCarthey,  CaptJokn  F.    Specimen  of  bat-fish  [Malthe  cubifrons) ;  from 

Florida. 
McChesney,  Charles  E.    Two  birds'  skins  [Passercalus,  Melospiza) ;  &om 

Dakota. 
McCormidk  &  Gonnable.    Specimens  of  rock-stnrgeon  and  whiteflsh; 

ftom  Lake  Michigan. 
McDonald,  Col.  MarshalL    Eight  boxes  of  alcoholic  specimens  of  fishes, 

&c. ;  from  the  South  Atlantic  States. 
MoEwen,  John  B.    Can  of  alcoholic  specimens  of  fishes;  from  Tennes- 

MoOraic,  James  C.    Mineral ;  from  West  Virginia. 

McLean,  Bev.  J.  JP.  Specimens  of  Indian  relics ;  fh>m  Ohio  and  Indi- 
ana. 

McMenamin  &  Co.,  Hampton,  Va.    Case  of  canned  crabs. 

Mazyck,  Limit.  J.    Two  shells ;  from  South  Carolina. 

Mazyck,  W.  St.  J.  Specimens  of  sponges,  corals,  and  shells  j  from  Soath 
Carolina. 

Medsen,  Peter  {through  Prof.  J>.  8.  Jordan).  Two  tanks  of  fishes  j  fit)m 
Utah. 

Meigs,  M.  C,  Quartermaster-General,  U.  8.  A.  Plaster  molds  of  medall- 
ioTis  of  Washington,  Lincoln,  Chase,  and  Seward. 

Mell,  P.  H.,jr.    Insect  and  shells;  from  Alabama- 

Merchant,  George.    Models  of  seine-needles  and  pins. 

Merjnan,  Lyman  A.    Samples  of  herring  oil  and  specimens  of  herring. 

Merriam,  Joseph  W.,  United  States  Consul,  Iguique,  Peru,_  Samples  of 
Pemvian  guano. 

Merrill,  Dr.  J.  C,  U.  S.  A.  Specimens  of  mammals,  fishes,  aod  birdfi; 
from  Montana. 
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Metealf,  M.  Albino  raccoon  and  stone  hatchet;  from  Battle  Greek, 
Michigan. 

Metcalfe,  James  K.    Specimens  of  insects ;  from  New  Mexico. 

Metz,  Dr.  Charts  L.    Box  of  Indian  implements ;  from  Ohio. 

Mesnco,  National  Museum  of.  6.  Mendoza,  Bireetor.  Cast  of  a  sacrifi- 
cial stone. 

Milam,  B.  C.    Frankfort  fishing-reel  (purchased). 

Miller,  Frank.    Box  of  fossils ;  from  Texas. 

Milter,  Mrs.  J.  E.    Specimens  of  rooka ;  from  New  York. 

Miller,  M,  A.    Box  of  Indian  relics ;  from  Virginia. 

Mims,  E.  J.    Specimens  of  plants ;  from  South  Carolina. 

Mintzer,  W.  A.,  P.  A,  Engineer,  U.  S.  N.  Alcoholic  specimen  of  fish; 
from  Delaware.  • 

Mobley,  G.  B.    Specimens  of  German  carp ;  from  Alabama. 

Money,  Hon.  H.  D. .  Specimens  of  ores ;  from  Mississppi. 

Moore,  C.  B,    Specimens  of  Indian  implements;  from  Virginia. 

Moore,  Jolm.    Specimens  of  rock  conglomerate ;  flx>m  Arkansas. 

Moore,  N.  B.    Lamprey  eel  and  feathers  of  wild  turkey. 

Moran,  Dr.  George  H.,  U.  8.  A.  One  living  and  one  stuffed  specimen  of 
Gila  monster;  from  Arizona. 

Morrison,  J.  B,  D.    Living  moth;  from  Washington. 

Mtieller,  Dr.  R.    Two  Indian  relics ;  from  Indiana. 

Muis,  W.  8.    Box  of  shells;  from  Utah. 

Mundt,A.lI.    Boxof  fossil  plants;  from  niinois. 

Myers,  Justin  M.  T.    Box  of  fossils;  from  Ohio. 

Nelson,  E.  W.  Seventeen  boxes  of  general  natural  history  and  ethno- 
logical specimens ;  from  Alaska. 

Nelson,  John.    Box  of  fishermen's  clothing. 

Nelson,  Robert.  Two  living  garter  snakes  {Eut4Bnia) ;  from  District  of 
Columbia. 

Neve,  E.    Three  silver  Indian  (1)  relics ;  from  Florida. 

Newsome,  David.    Specimen  of  ore ;  from  Oregon. 

Newton,  Edward.  Living  specimen  of  yellow  boa  {Chilobotkrus  inomatus) 
and  box  of  bird  skins ;  from  Jamaica. 

Nichols,  Mrs.  E.  J.    Specimens  of  ores;  from  Texas. 

Nichols,  Dr.  H,  A.  A.  Two  boxes  of  birds  and  alcoholic  specimens  of 
natural  history ;  from  Dominica. 

NUes,  Frank  G. .  Specimen  of  Crilla ;  from  Connecticut. 

NUes,  J.    Nest  and  eggs  of  swallow,  and  lizard ;  from  Fmmsylvania. 

iPiteon,  J.  S.  Specimens  of  birds  and  mole  {Condylura) ;  from  Pennsyl- 
vania. 

Nodor,  Dr.  0.  D.    Photographs  of  tasks  of  Bison  latifrons. 

North,  Rev.J.B.    Specimens  of  minerals;  from  Virginia. 

Nye,  Millard,  jr.    Box  of  Indian  relics;  from  Massachusetts. 

0^,  A.  K.    Stone  implement ;  from  Massachusetts. 

Ober,  F.  A.  A  large  collection  of  natural  history  specimens,  prinolpally 
birds;  iirom  the  West  Indies.  mj  i,  Ji, doOQ I C 
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Ogilbg,  J.  Douglas.    A  collection  of  birds'  Bkias ;  &oiu  Texas. 

Oroutt,  C.  R.    A  small  box  of  shells ;  from  Oalifoniia. 

Osbom,A.  {through  T.  B.  Ferguson).  Jar  of  alcoholic  specimens  of  fishes ; 
from  the  Potomac  River. 

Osborn  &  Vail.  Two  specimens  of  horse-flsh  {Vomer  setipiwnis);  from 
New  Jersey. 

Palmer,  WUliam.  Specimens  of  birds  and  reptiles ;  from  Virginia  and 
Marylajid. 

Parker,  H.  A.    Specimen  of  cup-stone ;  from  niinois. 

Parker,  Joel  0.    Fish-hatching  box,  nsed  at  Qrand  Bapids,  Mich. 

Parkhurst,  C.  D.    Specimen  of  coal ;  from  Colorado. 

PaUerson,  H.  JT.  Box  of  water-plants  {Sfymphcea  tuberosa) ;  from  Illi- 
nois. 

Patterson,  S.    Specimens  of  minerals ;  from  Virginia. 

Paxson,  8.  W.    Specimens  of  m^inerals ;  from  New  Mexico. 

Peekham,  B.  W.  Specimen  of  smooth  puffer  {Tetrodon  l(Bvigatus)i  from 
Connecticut. 

Pellet,  E.  P.    Box  of  minerals ;  from  the  United  States  of  Colombia. 

Perry,  J.  W.    Specimens  of  crystals ;  from  Florida. 

Perry,  Ralph.    Indian  mortar;  from  Indiana. 

Philadelphia,  Pa.,  Zoological  Society  of.  A  namber  of  sktQls  and  skele- 
tons of  monkeys. 

Pierce,  Milton  P.    Fragments  of  Indian  pottery  j  from  New  Jersey. 

Pirz,  Anthony.  Two  boxes  of  stalactites  and  specimens  of  Proteus  an- 
guinus ;  from  Adelborg  Grotto,  in  Garniola. 

Plant,  J.  0.    Collection  of  minerals  and  Indian  relics ;  from  Geoi^a. 

Plumacher,  B.  H.,  United  States  Consul,  Maracaibo,  Venezuela.  Collec- 
tion of  butterflies ;  from  Venezuela. 

Poey,  Prof.  Felipe.  Nine  boxes  of  living  reptiles  and  two  boxes  of  alco- 
holic specimens  of  fishes;  from  Cuba. 

Polkinkorn,  R.  Living  tree-toad  (Hyla  versicolor);  from  Washington, 
B.C. 

PoUeys,  W.  H.,  United  States  Consul,  Barbadoes,  W.  I.  {through  William 
Wood).  Specimens  of  septaria  and  infasorial  earths ;  from  the  West 
Indies. 

Powel,  Samuel.  Scale  of  tarpum  {Megalops  ihrissoides) ;  from  Bbode 
Island. 

Powell,  J.  W.,  Director  Ethnologicai  SureoM,  Bmithsonian  Institution. 
Sixty-four  boxes  of  ethnological  specimens ;  from  Arizona  and  New 
Mexico;  collected  by  James  Steveneon  and  Frank  H.  Gushing. 

Prentiss,  Dr.  D.  W.    Specimens  of  ants. 

Prindle,  Frank.    ^pemiraeuR  <yi  {Diadopkia punctat/us);  from  Virginia. 

Proctor,  J.  0.  Model  of  fishing-schooner  Mary  Odell,  of  Gloucester, 
Mass.    (Purchased.) 

Prosser,  William  Q.  F.  Specimen  of  Octopus;  from  Seattle  Bay,  Wash- 
ington Territory. 
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Prott(y,  C.  R.  Collector  of  Ouatoma,  Indianola,  Tex.    Motmted  sftecimea 
of  crane. 

Pryer,  Jasper,  New  York,  Jf,  ¥.    Samples  of  flsh  oils. 

Fumpelly,Frof.M.    Eighteen  packages  of  minerals;  firomTarioua  locali- 
ties in  the  United.  State^. 

Fusey,  S-N.  Specimenaof  stickleback  (ti'osfenMfeiMfKnfleatus);  from  Dela- 
ware. 

Ramsey,  Alexander,  Secretary  of  War,    Two  boxes  of  minerals;  firom 
Minnesota. 

Bajusey,  H.  A.    Specimen  of  clay ;  from  Durham,  ff.  0. 

Eattan,  V.    Specimens  of  mosses  and  lichens;  from  California. 

Eeddmg,  B.  B.    Bulbs  of  Cainasaia  esculenta;  from  California. 

Rmd,  George  W.    Specimens  of  minerals  and  Indian  relics;  from  Penn- 
sylvania. 

Bemington,  Cyrm  K.    Buckskin  purse,  from  Pike's  Peak,  Colorado. 

Reynolds,  Dr.  Elmer  E.    Specimens  of  minerals  and  Indian  relics ;  from 
Virginia. 

Richard,  Jolm  M.    Box  of  living  turtles ;  from  Pennsylvania. 

Richards,  A,  H.    Specimen  of  mineral ;  from  Cahfomia. 

Richmond,  Va.,  College  of.    Specimen  of  Tuckahoe  (Indian  bread). 

Bichter,  Br.  Theodore.     Specimens  of  minerals ;  from  Freiburg. 

Bidgway,  Robert.    Specimens  of  birds'  skins ;   fr^m  Illinois,  Virginia, 
and  California. 

Bidgway,  Bobert,  and  Henry  Marshall.    A  large  collection  of  birds' 
skins;  from  Cobb's  Island  and  vicinity. 

Bives,  J.  H.    Specimens  of  rocks ;  from  Virginia. 

Bobertson,  Br.  W.  B.    KetadofbTOoktconHSalvelinuefontinalis);  from 
the  James  River,  Virginia. 
-  Robey,  Rufus.    Specimens  of  beetles;  from  Maryland. 

Robinson,  C,  jr.    Two  snakes  {Tr(yped<motU8  sipedon  and  Oph^lus  do- 
liatus) ;  from  the  District  of  Columbia. 

Bogers,  John  8.    Specimens  of  glue,  isinglass,  &c. 

Bomeyn,  H.,  U.  8.  A.     Specimens  of  sea-horse  (Sippocampus);  fivm 
Virginia. 

Boaamond,  W.  B.    Specimen  of  mineral ;  from  Ohio. 

Bounds,  Balph  W.    Specimens  of  Maine  flora. 

BotDlet,  F.    Indian  relic;  frvm  New  York  (lent  for  casting). 

Btihy,  Charles,  private,  &.  8.  A.    Possil  shells  and  bones,  one  pair  of 
edk-homs  and  one  pair  of  deer-horns ;  from  Fort  Laramie,  W.  T. 

Busby,  8.  S.    Indian  dish ;  irora  Kew  Mexico. 

Russell,  Thomas  J.    Box  of  shells  and  broken  pottery ;  from  Texas. 

Samford,  Hon.  W.  J.    Specimen  of  ore. 

8anbom,  J.  K.    Specimens  of  conglomerate. 

Saunders,  Col.  John  8.    Living  catfish;  flx>m  Chesapeake  Bay. 

8(^e,  Br.  L.  A.    Carved  atone  mask;  fh)m  Kew  York  (lent  for  casting). 
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Sckackt  &  FruchJmeekt,  Sandusky,  Ohio.    Samples  of  caviar,  isinglass, 
and  fish  oils. 

Sdklegel,  Jacob.    BpmmeDS  of  feldspar;  from  Yirginia. 

Bckneck,  Br,  J,    Specim^iB  of  liying  tortoises  {Pseudemys  elegana) ;  frova. 
Hlmois. 

Sehotibom,  H.  F.    Two  eggs  of  dove  {Streptopelia  risoria). 

Scott,  David  W.    Specimens  of  birds'  skins. 

Bearing,  JarM8  E.,  jr.    "Bull-dog"  GatUnite  pipe;  made  by  the  Sioux 
Indians  of  Dakota  (purchased). 

Sellman,  Henry  0.,  Eaatport,  Me.    Six  boxes  of  "sardines." 

Bewail,  G.  A.,  Acting  Assistant  Surgeon,  U.  8.  A.    Sx>ecimens  of  tasects ; 
firom  New  Mexico. 

Bhaic,  B.  F.    Model  of  fishway  used  at  Anamosa,  Iowa. 

Sheldon,  D.  S.    Bo2  of  fossils  and  a  Uving  snake ;  &om  Iowa. 

Bheperd,  R.  T.    Box  of  alcoholic  reptiles ;  &om  Ohio. 

Bidman,  George  D.    Specimens  of  minerals;  from  South  Africa. 

SvmmoTis,  C.  A.    Two  fossil  shark's  teeth ;  from  Florida. 

Simmtms,  Netcton.    Eighteen  arrow-heads,  from  Maryland;  and  a  sped- 
men  of  centipede,  from  Texas. 

Slater,  J.  H.,  U.  S.  Benate.    Specimen  of  coal;  from  Oregon. 

Slaughter,  John  B.    Specimens  of  minerals ;  from  Texas. 

Small,  Edgar  A.    Specimens  of  birds'  eggs. 

Small,  E.  E.    Embryo  porpoise ;  from  Provineetown,  Mass. 

BmiUn),  0.  W.    Specimen  of  moth. 

Smith,  Mrs.  Emma  {through  Maj.  J.  W.  Powell).    Specimens  of  [ndiau 
wedding  cake;  Cattaraugus  Beservation,  New  lork. 

Smith,  Charles  B.    Six  arrow-heads;  from  Maryland. 

Smith,  Charles  J.    Specimensof8melte(08»t6r«ap(Kf»^cM«);  from  Oregon. 

Smith,  Everett    Model  of  fishway  used  on  the  Penobscot  River  (pur- 
chased) and  specimens  of  smelts  (Osmerus  mordax). 

Smith,  Prof.  H.  L.    Century  of  microscopic  slides. 

Smith,  W.A.    Specimens  of  black  crystals;  from  Texas, 

Smyth,  John  H.,  United  States  Minister  Resident  to  Liberia.    Specimens 
of  African  handiwork;  from  Liberia. 

Snow,  A.  L.    Specimen  of  zinc  ore ;  firom  Tennessee. 

Snow,  Franklin,  (£  Co.,  Boston,  Mass.    A  largo  collection  of  preserved 
fish  of  various  kinds.    ' 

Southwick,  J.  M.  K.    Specimens  of  mackerel  {Scomber) ;  from  Newport, 
E.  I. 

Spangler,  Qeorge.    Specimen  of  watet-dog  {Neeturvi  lateralis);  from  In- 
diana. 

Sperry,  Edward  H.    Specimen  of  hare  {Lagomysprinceps) ;  from  Colorado. 

Sperry,  L.  A.    Spear-point ;  from  Illinois. 

Spinner,  F.  E.    Box  of  fossil  shells ;  from  Florida. 

Spray,  8.  J.    Specimen  of  weasel  {Putorius  vulgaris) ;  from  Colorado. 
Sprir^er,  Son,  WiUiaM.    Specimens  of  minerals. 
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Stabler,  James  P.    Six  hawks  and  three  owls  and  a  living  hlacksnake 

{BaseaniOn  cojistriclor) ;  ftom  Maryland. 
Star  Mica  Company,  Pemacola,  Fla.    One  box  of  mineraJs. 
Steams,  Silas.    Five  boxes  of  specimeas  of  fishes,  &c. ;  from  Florida. 
Stepketis,  Eon.  A.  S.    Box  of  minerals ;  &om  Georgia. 
Sta'Ung  J.  E.  N.    Specimens  of  fish ;  from  Maryland. 
Stecetison,  James.    Box  of  lottery ;  firom  New  Mexico ;  and  a  specimen 

of  Florida  alligator. 
Stevemon,  James,  and  Mr.  Evssell.    Six  boxes  of  fossUs  and  rocks ;  col- 
lected in  New  Mexico.     (See  Powell.) 
Slimpson,  William  Q.    Spider  and  neat. 
Stone,  Idvir^aton.    Three  boxes  of  fossils  and  a  keg  of  alcoholic  salmon 

skins ;  &om  California. 
Stout,  TT.  0.    Insect;  &om  Arkansas. 

Swan,  James  G.    Three  boxes  specimens  of  fishes,  specimens  of  dried 
fish  put  up  by  Indians,  and  a  carved  Indian  club;  &om  Washington 
Territory  and  Vancoaver's  Island 
Sweeny,  Dr.  R.  0.    Speoimens  of  siscowet  and  trout;  from  Lake  Su- 
perior. 
8u>eet,  Charles  J>.    Specimens  of  insects ;  from  Florida. 
StDe&sey,  Ooodmin  E.    Specimen  of  mole  (Btarina  talpoides) ;  from  Massa- 
chusetts. 
Sweitzer,  Lieut.  J.  B.,  XT.  8.  A.    Eagle-ray ;  from  Fort  Brown,  Texas. 
Symmes,  F.  M.    Box  of  stone  implements ;  from  Indiana. 
TaWot,  Walter  M.    Specimens  of  minerals ;  frxim  Maryland. 
Taylor,  Fred.  W.    Specimens  of  minerals  and  ores ;  from  various  localities. 
Taylor,  Dr.  H.   W.,   U.  S.  A.    Horned-toad   {Pkrynosoma) ;  ftom  the 

Indian  Territory. 
Taylor,  W,  0.    Specimen  of  banded  mddor-fish ;  from  the  Potomac  River. 
Taylor,  W.J.    Four  boxes  of  specimens  of  natural  history;  from  Georgia. 
Ttutmas,  W.  6.    Specimen  of  beetle  {Egnastes  herouUs) ;  from  North  Caro- 
lina. 
Thompson,  C.  W. '  Specimens  of  coal ;  trom.  Dakota. 
Thompson,  Daniel.    Two  insects  from  cane-plant ;  from  Ix)uisiana. 
Thomson,  J,  B.,  New  Bedford,  Mass.    Barrel  of  whale-boat  fittings. 
Thurber,  E.  W,    Specimens  of  minerals  ;  from  Bhode  Island. 
Tichkematse  [iTidiah).    Specimens  of  birds  and  antlers  of  deer ;  from  the 

Indian  Territory. 
TiUson,  Perry.    Cast  of  Indian  relic ;  from  Ohio. 
Trdbing  Brothers.    Specimen  of  mineral ;  from  Wyoming. 
Tracy,  0.  C.    Specimens  of  minerals ;  from  Nevada. 
Traill,  0.  S.    Specimens  of  shells  {Rhynekon^lU^^  from  New  Zealand. 
Trezevant,  Dr.  Q.  T.  {through  E.  E.  Jackson).    Specimens  of  fossil  teeth 

of  sharks ;  from  the  phosphate  beds  of  South  Carolina. 
IWpp,  T.  M.  Bird  skin  [NephcEcetea  niger) ;  from  Colorada 
True,  F.  W.    Two  atone  implements ;  from  Virginia. 
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Tnerpe,  Albert.    Specimens  of  sirens;  from  Texas. 

Toggle,  W.  0.    Two  bones  of  fosRil  elephant;  from  Texas. 

Ulrich,  E.  0,    Box  of  fossilB ;  &om  Arkansas. 

Union  Oyster  Company,  Baltimore,  Md.    Four  boxes  of  canned  oysters. 

Valentine,  Gabriel.    Specimens  of  mioerals;  fi-om  Pennsylvania. 

Valentine,  Mann  8,    Sample  of  extract  of  oyster. 

Van  Camp,  Br.    Specimen  of  fish ;  from  the  F^i  Islanda 

Vens,  Leroy.    Water-worn  rock ;  from  Virginia. 

Wadkam,  J.  E,    Specimens  of  seeds  and  minerals;  from  California. 

Wagg,  Dr.  James.    Specimen  of  mineral ,  from  North  Carolina. 

Walker,  8.  T.    A  collection  of  birds'  skins,  Indian  relics,  and  shells ; 

from  Florida. 
Walker,  T,  6.    Specimens  of  peat;  from  Kew  Jersey. 
Wallace,  John.    Staffed  skin  of  raccoon  {Procyon  lotor). 
Wallis,  R.  A.    Specimen  of  pipe-flsh  [Syngnathuspeddamtts) ;  from  Mary- 
land. 
Ward,  Prof.  H.  A.    A  bottle  of  fishes ;  from  Ceylon  and  Borneo. 
Washington,  D.  0. : 
Interior  Department  ; 
Box  of  plants,  seeds,  and  woods,  &c.,  collected  by  8.  Hayes.    Speci- 
mens of  minerals ;  from  California. 
Soils  collected  between  Sierra  Nevada  and  City  Rocks,  by  F.  A. 

Bishop, 
Census  Office.    (See  under  the  names  of  Edward  Atkinson  and  W. 

M.  Chmeuret.) 
General  La/nA  Office.    {See  nnder  naxaes  of  Surveyor- Oeneral  John 

Wasson  and  Special  Agent  James  Bell. 
Geological  Survey,  Clarence  King,  United  States  Geologist.    {See  un- 
der the  names  of  G.  K.  Qilhert  and  B.  Pumpelly.) 
Office  of  Indian  Affairs : 
Two  boxes  of  Indian  relics  from  graves  at  Forestville,  N.  T.     D. 
Sherman,  Agent,  collector. 
United  States  Commission  of  Fish  and  Fisheries.    {Prof.  Spencer  F. 
Baird,  Commissioner.)    About  225  boxes  of  zoological  collections 
from  the  Atlantic  and  Pacific  coasts,  made  by  Prof.  A.  E.  VerrUlj 
Richard  Rathbun,  Charles  S.  Gilbert,  G.  Brovm  Ooode,  A.  Howard 
Clark,  and  D.  8,  Jordan;  also,  a  number  of  models  of  fishing  ves- 
nels  and  implements.     (See  also  ander  the  names  of  Charles  G. 
Atkins,  Tarleton  H.  Bean,  H.  C.  Chester,  A.  H.  Clark,  F.  N.  Clark, 
J.  W.  Collins,  W.  S.  Hall,  R  E.  Earll,  T.  B.  Ferguson,  Charles  H. 
Gilbert,  G.  Brown  Goode,  William  Hamlen,  E.  IngersoU,  D.  8.  Jor- 
dan, M.  McDon^^,  John  8.  Saunders,  Jfewton  Simm4>ns,  Charles 
W.  Smiley,  Livingston  Stone,  and  James  G.  Swan.)    Specimens  of 
marine  natural  history  have  besides  been  received  frt>m  the  fol- 
lowing captains  and  crews  of  fishing  vessels  sailing  principally 
from  Gloucester,  Mass. : 

U,j,,,;Jt,L.OOglC 


APPENDIX  TO  THE  EEPOBT  OP  THE  8BCRETAEI.    127 

Washington,  D.  C. — Continued. 
United  States  Gommiasion  ofMsh  and  Fiakeries — Continued. 

Abbe,  W.  A.     Specimens  of  young  menhadeit ;  from  Promised  Land,  N.  Y. 

Anderson,  Capl.  Charlei  F.,  and  crew  of  Bohooner  Alice  G.  Wonson.  SiKScimens 
of8poiigea(CAaHno),  corals  (Primnoo,  Paragorgia,  &,c.),  shells,  Boa-urchins, 
oralis,  ee[s{MurtBnoidea,  SynaphobraTichus),  iislb.ea(Cenlro«i!!/llinm),&,o. ;  from 
George's  Bank. 

Andretea,B.  W.,  Benjamm  MareJtall,  andofhers,  of  Boekport.  Pair  of  iron  Toil- 
ers nsed  in  1840  at  Boekport,  Mass.,  in  the  manufacture  of  isinglasa  from 
fish  sonndB. 

Ardendale,  Edieard,  schooner  Joiephim.  Specimens  of  fisIiBs  {Hemitriptenu, 
PrionotiM,  and  Crsptacantkodea),  crabs,  star-fiahea,  and  other  maTiaeinverte- 
bratoe ;  from  off  Cape  Sable,  Pollock's  Rips,  and  Ipswich  Bay, 

Bishop,  John  H.  ■  Models  of  sohooners  Emma  S.  Oaier  and  John  W.  Smart. 

Bonon,  William.    Sranch  of  sea  coral  (Primnoa  re»eda),  with  barnacles. 

Brovn,  Edward  0.,  eckootier  Albert  A.  Harding.  Specimens  of  fishes,  primps, 
and  stomachs  of  mackerel ;  taken  along  coasts  of  Maine  and  Maeaachu- 

CurnAan,  Jeremiah,  Two  models  of  fishing  vessels  (purchased). 
Bumham,  Willard  B.  Two  models  of  fishing  vessels  (purchased). 
.Bums,  Thomas,     Young  mackerel   and  sponge  (,Sali6hondria);  from  Seal 

Island  Ground. 
Campbell,  Capt,  Daeid,  ani  ereu>  of  tdioonar  Admiral.     Specimens  of  corals 

(^Icjwntum),  sponges  {Polstnaetia),  barnacles  (Balanus),  star-fishes,  sea 

feathers,  &c.;  from  Grand  Bank. 
Carroll,  Capt.  Frank,  and  crew  of  «oftooner  Polar  Wave.     Specimens  of  flshu 

(_Scopeliie,  Pelromijzon,  and  SynapMiranehus),  corals  {Flabellvm,  Acan^Xa), 

sponges,  &c. ;  from  Saint  Peter's  Bank  and  Banquereau. 
Cavangher,  Lawrence,  schooner  BelUrophon.     Speoimens  of  fishes  (Abiules,  %n- 

aphobranehus),  eponges  (Polymaelia),  and  corals  (JVimnoa);  ftom  George's 

Bank. 
Colbg,  CharUa.   Specimens  of  shells,  sea-worms,  staT'flshes,  &c. ;  &om  oS 

Thatcher's  Island. 
Colby,  Henry,    Sea-gnmard  (PmnoftM  carelinui) ;  Gloncester  Harbor. 
CaIIin«,  Capt,,  D,  E,,  and  orew  of  schooner  Queme  BlaisdelL     Specimens   of 

star-fishes  (^g(0rta«,  Solaater'),  corals,  shells,  ascidians,  &o.;  ftom  the  Grand 

Banks. 
Collins,  John,  andprea  of  si^tooner  Albert  H.  Harding.    Yonng  dog-fish  with 

sack  attached,  and  specimens  of  mackerel  food ;  from  off  Chatham  and 

Soman's  Land. 
Conly,  John.  Specinenaof  fish  (.iuxis);  &om  Gloucester  Harbor. 
CoTlitt,  Capt.  TFtlltoin,  anil  oreic  o/  ichtioner  Laughing  Water.     Specimens  of 

fishes  ( Cyclopteras,  Fetromyion,  Murcenoides),  shells,  star-fiahes,  &.O. ;  froin 

George's  Bank. 
Coatens,  Captain,  and  crew  of  schooner  Mist.     Toung  skate,  eggs  of  gastero- 

pod,  flngsr-sponge,  hy droids,  shells,  &c. ;  iiom  the  Western  Bank. 
Crea,  Capt.  Cliarlea,  and  crew  of  sohooner  Isaac  A.  Chapman.     Specimens  of 

fishes  (3fj(3;ftM,  Chiroatoma,  Gains,  Synaphobranohvs,  Chinuera,  Petromyzon), 

&c.,  corals  {Alcyonium,   Aeanthogorgia,  Antlu>mastas,  Keraloisis,  Acanella, 

&.C,),  sxionges  (Polymastia,  Haliehondria,  PhabelUa),  ascidians,  sea  cauli- 
flowers, hydroids,  anemones,  &o. ;  from  the  Green,  Saint  Peter's,   and 

Grand  Banks  and  Banqnerean. 
Critehett,  Captain,  and  erew  of  schooner  Flash.     Specimens  of  spiders  ( Vyta- 

phon),  sponges  (Polymastia),  horseshoe  crabs  (Limulus),  atai-fishes,  &c. ; 

from  George's  Bank. 
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Crittenden,  A.  B.     Foaailiferooa  bowlders  Irom  Cape  Cod,  and  Bamplea  of 

irawl-roUera  uH^d  in  Gloucester  fiaberlea. 
Cuddn,  Captain,  and  crvai  ofschoimer  Joseph  0.     Specimena  of  ronssel-shells, 

bamacles,  and  fishea ;  from  OeoTge's  Bank. 
CurUij,  Hugh,  acbooner  Lrgal  Tender.     Crawfish,  from  theProTidence  River ; 

and  fiuger-BpoDge  ( Ckalinu)  ;  from  the  6oath  Channel. 
SanieU,  Captain,  and  crem  of  aohooner  Da-oid  M,  ISlton.-    Bpecimena  of  Bcal- 

lops,  barnacles,  spone^s,  and  hydroids ;  from  George's  Bank. 
Detapies,   Capt.    William,  echooner   Clara  F.  Friend.     Specimens  of  fishes 

(^Zoaroes,  Mallotua,  MyjAne,  Fetromyson),  corals,  squids,  shrimps,  sponges, 

&o. ;  &om  George's  and  Brown's  Banks. 
Dixon,  Capt.,  and  ereai  of  schooner  Flora  TenpU.   -Specimens  of  spider-crab 

(IAiho&»),   atai-fish  (^ippaaJeria),   and  sponge  (CfcnKna);  from  Middle 

Bank. 
Do^laxs,  AWktI.    Specimens  of  sqneteage  and  scnppang ;  from  Ma^olia, 

Dougliu»,  TKomat.     SpecimensofflshesCi/enfictmu,  CenlroprUtit) and eqnid; 

from  Ma^olia,  Hbsb. 
DovKT,  Avguitii),  Bchootier  Victor.    Specimens  of  shells,  worms,  squids,  crabs, 

&G. ;  :&om  the  Grand  Banks. 
Mtdt,  Captain,  and  crea  of  Kkooner  Herbert  M.  Soger*.     Specimens  of  corals 

(CetUporaria,  Backaropma,  Alcyoninm),  ascidians,  seiv-com,  &c. ;  from  the 

Grand  Banks. 
Fotnlet,  Frank,  eciooner  Toung  Sultan.     Specimens  of  star-fishes  {Asteriai, 

OphiopMit,'  Ctenodimma),  whelks,  sea-anemones,  &o. ;  off  Cape  Ann,  Hassan 

chusotts. 
Foists*,  J. Frank, iteamer  Geo.  M. Bradleg.     Specimensof menhadenandmen- 

baden  food  and  spawn  ;  also  crabs,  shell,  sponges,  &c. ;   from  various 

places  along  Long  Island  Sound. 
Gears,  CapL  John,  eiAooner  Sunihine.     Finger-sponge  (Chalina),  swoTdfish- 

sucker  (Eemoro)  and  parasites ;  from  Ipswich  Bay  and  coast  of  Maine. 
GetcAeH,  Capt.  John  Q.,  andcrew  of  schooner  Otis  F.  Lord.     Specimens  of  fishes 

iiyiglops,   Gadas,  Sebaatee,  Petronyxon,  Muranoidee,   Prionotna,  AcMma), 

sponges  IPolgrnattia,  Chalina),  oorals  (Alcyoninm),  tnnieates,  bryozoans, 

barnacles,  crabs,  &o. ;  from  George's  Bank. 
Gtbbi,  Captain,  and  cretn  of  schooner  Ooeannt.     Scarlet-cushion  star-fish ;  from 

off  Cape  Negro,  N.  8. 
Gill,  Captlrrael,  schoonerEmma.    Piece  of  nipple.sponge{Pi>is«(MfMi),  from 

off  Sankaty  Head ;  and  back-bone  of  pig-shark,  off  Gloacester  Harbor. 
QUpalnok,  Capt.  Briggi,  and  crea  of  echoona-  Gatherer.     Specimens  of  fishes 

^Sgnaphobranchtu,  Scopelus,  AJepidoeavrve,  Pstrorayeon,  Sebastes,  Myxine), 

sea-feathers,  sponges,  starHshcs,  &c. ;  from  the  Grand  Banks. 
OouTville,  Capt,  J.,  andcreK  of  eiAooner  Eebceca  Bartlelt.    Specimens  of  fishes 

(Sebaatet,  IHgU^,  MuriBnoidea,  i'elromy2'<»t),spoi)geB(CAaIin(i),bryozoans, 

hydroids,  &e. ;  from  George's  Bank. 
Oreenlecif,  CapL  If.,  and  crew  of  schooner  Grace  L.  Feare.     Specimens  of  fishes 

(&ap«Itu,  Lycodet)  and  skate's  egg ;  flrom  Green  Bank. 
QuOiTie,  Captain,  and  ereiv  of  schooner  Mary  Brown.     Lump-fish  {Cyclqpterua 

IitmpM),  weighing  ten  pounds ;  caogbt  off  Thatcher's  Island. 
)  Ball,  Captain,  and  crem  of  schooner  Clytie.     Specimens  of  eels  (Jftironoidct, 

P^romyson),  star-fishes,  mussels,  holothnriane,  crabs,  &o. ;  from  Gleorge's 

Bank. 
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Sarrington,  Jo\n.     Speoimeus  of  star-fisbea,  shells,  shrimps,  anemones,  &a. ; 

fi:t>m  George's  Bonk. 
Harrington,  John,  aAixmer  OUt  P.  Lord,    BpeoimenH  of  flsheB,  Bpongea,  aue- 

monee,  star-fiahee,  hydroids,  ahriinps,  &o. ;  fromOeorgo'B  Bank. 
Boigion,  Capt.  ThDMOM,  and  oreie  of  itAooaer  Baaie  W.  Somea.     Specimens  of 

fish  (CAiasmodw  "ifl«",  Sebattei,  Smenokelr/i,  Maarttmt),  corals  {Alcyonivm, 

Acanthogorgia,  SeratoitU,  Anthothela),  Sbc. ;  trma  the  Grand  Banks. 
Ho^don,  Captain,  and  orea  of  sohoofier  Proctor  Brothers.     Specimens  of  sea- 
feathers  (Pmnaftila,  Baliidtia),  sponges  {PolymtuOa,  PhaMlia),  sea- worms, 

&a.  i  from  Qrand  Banks. 
Sooper,  B.A.,  hark  Silat  FMt.     A  large  maoketel  (Seomiber  sp.);  from  off 

the  coaat  of  Chili. 
Swrttmrt,  Bobert,  aekoontr  Star  of  the  Eatt.     Large  mnsael-shell  with  sponge 

(Chdlina);  from  George's  Bank. 
HurHmrt,  Bobtrt,  tckootter  Barraeuta.     Small  ootopns ;  from  Brown's  Bank. 
BvrUmrt,  Bobert,    ,  Speoimens  of  yellow  peroh,  homed  pout,  red  fin,  &a. ; 

from  off  Tonnontb,  N.  8. 
Jatoba,  Capt.  Sol,  icKooner  Sarah  M.Jacobi.     Specimens  of  fish  (Sootiibereaxc,. 

Cyelopterut,  Porotiotut,  Qtuteroiteaa,  and  SamJmr) ;  from  off  Cape  Cod. 
Jacobs,  Ctqit.  Sol,  tehooner  Eitnard  E.  Wtbster.     Specimens  of  fish  {Auxii,  PO' 

ronotfu),  sponge,  sword-fish  parasites,  &o. ;  from  off  Block  Island. 
JelhnB,  John,  tdutoner  fVederiefe  Qerrimg.    Perfocat«d  stone ;  from  south  coast 

of  Newfoundland. 
JellotP,  Jdkh,  M^ooiur  Henry  FHe»d.     Part  of  a  small  anohor  coveted  with 

bryozoans  and  hydrolds ;  troza  Geoi^e's  Bank. 
Jevelt,  Silas,  tdwoner  Phantom.     Spteimens  of  stai-fish  (^Ophioglspha  SarM) 

and    egg    oapsnles    (Syootypiu) ;    from    Ipswich   Bay    and   Providence 

Johnmn,  Capt.  Qeorge  A.,  tchooner  Aiigutla  S.  Johnson.    Specimens  of  fish, 

iMaerunu,  CeatroaoglUtm,  Pdramyzon,  SimeiuAelyB,  S^tasteg,  Ssnaphobran- 

cAui),  corals  (^Fldbellwm),  ascidians,  crabs,  star-fishes,  &c. ;  frvm  the  Qiand. 
Atnd  Saint  Peter's  Banks. 
Jolnuon,  Capt.  LetA,  and  ereto  of  tohooner  Lintit.    Png-noaed  eels  (£ii»«noh«E]f»)' 

and  star-fishes  (_A>teiiaa) ;  from  Grand  Banks. 
Johnson,  Capt.  Otto,  and  crew  of  adiooner  Magic     Spooimens  of  fish  {Marce- 

Roidea,  Brosmiut'),  shells,  hydroids,  barnacles,  &o. ;  from  George's  Bank. 
Kill,  Capt.  WiViam,  and  orew  qf  aohooner  Eureka.     Tonng  moon-fish  (Pore-  " 

phij^ua  quadratas) ;  from  off  Segnin,  Me. 
Xnight,  Capt.  T.H.,  sehooner  Ocean  King.    Bpeolmena  of  stat-fishes  (Ophio- 

glypba,  Hippa*teria,  Ctonodisoui,  Astariat,  Croiaaster) ;  corals  {Alcgoniutn), 

crabs,  clams,  ascidians,  &e, ;  frvm  Grand  Banks. 
Landry,  Simeon.    Bock  with  Cbalina  sponge ;  fW)m  off  Sankaty  Head. 
Lamon,  Capt.  Charlei,  and  erem  <tf  tchooner  Hemaa  Babatm.     Specimens  of' 

omstaoeaDS,  molusoa,  ascidians,  tnnicatesj  star-fi^es,  Av. ;  from  the  Grand 

LatBson,  Coptaio,  and  ortw  of  echooner  Henry  Staiibury.    Stone  coveiod  with. 

barnacles  (JSaJonu);  from  George's  Bank. 
Lee,  Capt.  Charles,  aohooner  Orient.    Cramp-fish  (^Torpedo  eoeidentati*);&taa- 

Ipswich  Bay. 
Iiotory,  Captain,  and  orew  of  aohooner  Aberdeen.    Specimens  of  fish  (Jriglops), 

•hells  iPeaten,  Modiola)  stai-fishee,  finget^sponge,  hydroids,  dec.',  from 

George's  Bank. 
S.  Mis.  31 9 
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Lvney,  WiUiam,    Bpok-gnrmtrd.  (PrUntolMt  eoroltiiH*)  from  IpBwloli  Bay. 
MeAtkell,   Capt.  2feil,  atid  crma  of  »Aooner  LUsie.     Specimens  of  fish  (Mae- 

rtmii,   AnarrhiduUf   PlatyKntatidUhgt,    MytiM,    See^m,    CeiUroieglUitn 

8^a»te»,  Peirottigton),  corals  (AUyimu^  FriMnoa),  sponges  {Polymagtia, 

PhdkelUa,  Cladorhiaa),  HUr-GHhea,  ascldiaos,  Sco.,  froat  the  Grand  Bank& 
MeCwrd'S,  Alex.     Bample  of  double-edged  thioating-faiife,  made    at  CIod- 

oecter,  Ilaas.,  fbr  nse  in  flslieriea  at  Alaska. 
MoDonald,  Jame*,' tcioontr  S.  B.  PhiUipt.     Specimen   of  spiny  spider-crab 

(lAthoda  maia) ;  ftom.  Je&ey's  Ledge. 
SIcDonald,  Capt.  Jerome,  and  ormo  of  eehoentr  Solar  Want.    Specimens  of  fishes 

.{CarjipluBfuMm,  Myi^ne);  devH-flsh.  (Oetopttt),  sponges  (CEodorAua),  sea- 

feathen,  &c;  from  the  Grand  Banks.  ' 

MoDimough,   Serveg,   (okooiier  finance.    Toang  codfish   (Gaduf),    star-fiali 

(Aiteriat),  and  bamaclea ;  from  off.Cape  Negro,  If.  8. 
MeOraw,  Jatiui.  Sea-'mouse  (4pArodili),  from  off  Eastern  Point;  and  mnssel- 

sbell  covered, with  eggsof  gasteropod;  from  George's  Bank. 
Malntotk,  Certain,  and  ortw  oftcJioouer  PmUSaiere,    Holothniians,  ahrimps, 

sponges,  &o.;  from  JeAey's  Ledge. 
Mulntsre,  detain,  amd  orem  of  nAoaiier  Paul  Baren.    Criuoids,  psrosites  from 

oodflsh,  and  oraries  of  shark ;  from  George's  Bank. 
MeKenrie,  Capt.  AtUtrae,  atuloiw  offiAooner  Bollerophon.     Specimens  of  fish 

{AipidvpKwiAdm,  Sebattei),  algte,  Btar'fish,  crabs;  fromoffNova  Scotia  and 

Ifewibnudland. 
McKwmon,  Capt.  Dani^,  and  BTOB  of  lehooner  Mary  F.  CMihoIm.    Specimensof 

fishefl  (Sinaieheh/i,  Pelromgton,  Salaporphyna,  CaUrotospllium,  Synapho- 

hranchiu,  Seoptlu),  corals  {FlabtUtm,  AoatUKogorgia,  Efratoiii*),  crabs, 

&a.i  trom  the  Grand  Banks. 
JIfoKinNon,   Capt.  John,   and  orae   of  ickooner  Mgtlio.     Specimens  of  fishes 

(Poronotut,  Seba»tiii,  Muraeitoidet,  Ilippoglonoidai),  shells,  stai-fishes  [Atte- 

tiat,  Hippaateria,)  sea-roses,  ccraU,  &.C.;  from  the  George's  and  Grand 

Mahlman,  David.  Spocimes  of  fishes  {i3enola  and  Ment'uiima);  fivm  off 
Eastern  Point. 

Marble,  I'ranlc,     Portion  of  oodfish'a  baekbone  with  exciesoenoe. 

Markmoa,  Capt.  Kurd,  and  ortw  of  schooner  Notice.  Specimens  of  fisbea  (Atal- 
lotttt,  Apelltt,  Sebaatet,  &c.),  corals  (Acanella,  AlogoniitTn,  Aaanlhogorgia), 
star-fishea^  sea-feat aers  (PennaluEo,  Balticina),  shells,  &c. ;  from  the  Grand 
Bank. 

Marlln,  Capt.  Charles,  and  crew  of  schooner  Martha  C.  Specimens  of  fishes 
{Matlotiu,  Soomberetox,  Clupea),  star-fishes  (^Cratiaaler,  iSoIiuler),  shells, sea- 
anemones,  sponges,  &c. ;  from  George's  Bank, 

Jdartia,  Capt.  Georgi  H. ,  and  crew  of  tchoojier  Northta^  Eagle.  Specimens  of 
star-flshes  {Bippasteria),  fishes  {Muriaioides,  Scomber,  lautogolabrue),  cor- 
als (Primuoa),  &e. ;  fiumthe  Grand  Bank,  Ipswich  Bay,  and  the  coast  of 

Jforlin,  Copt.  S.  J.     Specimens  of  fishes  (Lamna,  AnarrMchai,  Gadvt,  Tau- 

togolabrus,  &c.) ;  from  Gloucester  Harbor. 
Merchant,  George,  schooner  SattU  B.  West.     Variety  of  mackerel ;  frron  the 

coast  of  Maine. 
*  Merchant,  PhiUp.     Branch  of  gold -banded  nest  coral  (iC«ratoiiworna(a) ;  from 

Banqnerean. 
Merchant,  Philip,  schooner  Everett  Steele.     Specimens  of  fishes  (Petromyeon, 

Pkycie,  Chiroitotna),  shells,  hydroids,  crabs  (Caiioer,&o.)  ;from  the  Oeorge's 
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Merehant,  Capt.  Fhilip,  and  creie  of  aa\oimtr  Marian.  Bpecimens  of  flsh«e 
(CTimiBra,  jlnarrAio*iH,  Halop<rrphyruB,  Sj/naphobraiKhut),  Bca-roae  (UWi- 
dna),  epoDgn  (Folpnatlia),  corals  (Aoanella),  &b.  ;  from  the  Oraud  Bank.  . 

Merdiant,  Capt.  PlUUp,  sdumno'  Wackutett.  BrisiDga  Htar-flah,  shark's  e^s, 
andnipple^poDge;  off  Bauqaereaa. 

MitcheU,  Manuel  D,,  eehooner  SultoTia.  Specimens  of  fishes  (Ackims,  Nemich- 
(&]r«),  etar-flahea  {Solatter,  Astri^kyhm,  Lophaslena),  crabs  (Canoer,  Hyiu, 
Gtryon),  shrimps,  holotlmriaiis,  &.O. ;  &om  Qeorge's  Bank. 

Morria,  Captain,  and  area  of  achootier  HvJerick  Gerring.  Perforated  stones 
and  lamp  shells ;  from  off  Saint  Peter's  Bank. 

Monitseii,  Capt,  Janet  D.,  and  ertv  of  tdtooner  PljpiuniA  Soct.  Specimens 
of  fishes  (Myxine,  Zoarcei,  Synaphobranchiu,  StTnmchelye,  Petromyton,  Cen- 
trMCslUum,  Maemnu  Fabridi,  and  M.  Sairdii,  Sebaitei,  Scopelus,  C^tro- 
tegmniu),  star-flshos  {OphiopholU,  CtenodUcna),  sea-feathers  (Pennatvla,  Bal- 
tteina),  corals  (FlabeUum,  AmTitbagorgia,  AcaiUlla,  Alcyonilua),  marina 
woimi,  anemones,  &o. ;  from  the  Grand  and  Green  Banks. 

HorrUoti,  Capt.  B.  and  arew  of  aohotmer  Lavra  Nelion.  Specimens  of  fishes 
ISeomhereiox,  Mj/xine),  corals,  sponges,  sea-feathers,  &e. ;  from  Grand  and 
Artimoa  Banks, 

Murphy,  Copt.  Charlei,  andcrtn  nfttAotner  Alice  M.  Willia'oa.  Specimens  of 
fishes  Myiine,  Maentrta,  Soopelia,  Mallotua),  corals  {Primnoa,  Acanella, 
Patagorgia, .  Eeratmnx,  AoanOiomiaHaa),  sponges  {Polytnaalla,  Phaktllla, 
CIoAn-Uva),  sea-feathers  (PennatttUi,  Balticina),  slar-flshee,  &c. ;  from 
Saint  Peter's,  Grand,  and  Banqnerean  Banks.- 

Murphy,  Captain,  and  urea  of  schooner  Prmtor  Broihen.  Specimens  of  sponges 
(PotynuMfta,  CEiuiorAu^a),  sea-roae  ({Trfleina),  and  sea-feathers  (rir^uiaria); 
from  Saint  Peter's  Bank. 

Sown,  CoploJK,  «cAi>»n«r  WQiiam  A.  Pem,  Specimens  of  fishes  {Lophiiti, 
My^ne),  star-fishes  {Croiaiuter,  Ophiophoiia),  shells,  brjozoons,  &o. ;  from 
George's  Bank. 

.A'eit,  Captain,  and  crew  of  schooner  Alfred  Walen,  Bnnch  of  tomoroas  sab- 
stance  taken  from  stomach  of  codfish  on  George's  Bank. 

JTefwHi,  Capt.  AnAermn,  tchooner  Starry  Flag.  Ltirge  perforated  rock;  tma 
Qeorge's  Bank. 

Newbury,  Captain,  and  orew  of  tdhooner  Barraoouta.  Great  scallop  (Paot«n 
tenuiautatai)  with  barnacles  {Balanut)  attached ;  from  George's  Bank. 

O'Brien,  Capt.  Daniel,  and  orew  of  wftootwr  Guy  Ciaatingham.  Specimens  of 
fishes  {Macnata,  Centrosq/Uium,  Synapbobratichvt,  Myxine),  sponges  (CIo- 
dorkiia,  PhakelUa),  corals  {Acanella,  Aoantkogorgia,  Paragorgia,  Paramu- 
rioea,  Flabellum),  sea-feathers  {Baltioina,  Fennatitla),  star-fishes  (Aiteriat, 
CtenodUoui),  Jbo. ;  from  Grand  Banks. 

OI*m,  Capt.  George,  and  creiD  of  schooner  Procter  Brother!.  Pilot-flsh,  sponges 
{CUtd^hiia  Pkakellia,  Polytnaatia),  sea-feathers,  shells,  anemones.  Sec. ; 
from  the  Tarioos  banks  off  Newfoundland. 

OUen,  Capt  Thonuu,  and  crew  e^f  xihconer  Epet  Tarr.  Specimens  of  fishes 
(^Anarrhichae,  Myxine,Sa>pelii*,  CentroiByllium,  89n^hMranAn»,Pelromyion), 
corals  (^Paragorgia,  Primnoa,  Aleyoninnt,  Anthomaaiit»),  sponges  (PA<il«IIi(>, 
dadorhina),  devil-fishes,  anemones,  orinoids,  &a. ;  from  the  Grand  and 
Saint  Peter's  Banks.  '  . 

Oiier,  Copt  David  A.,  schooner  Breeze.  Large  aeo-lampre;  {Pctromyton 
marintie) ;  from  Ipswich  Bay. 

Pearce,  Fred.  Base  of  coral  (iVimnoa),  with  lamp  shells  and  brittle  star- 
fish: fivm  Banqnerean.  ,  , 
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Washington,  D.  0. — Gontinued. 
United  States  Commission  of  Fish  and  F^heries — Oontinaed. 

Perrel,   William  S.,  aohooner  Joseph  0.     Bpeclmens  of  Hpongea,  Btar-GalieB, 

mnsaele,  &o. ;  from  Oeorge's  and  Brown's  BaDka. 
Petttngell  4'  CunningluiM,  G>(iw«Mf«r.     Wliale'e  rib  bone. 
Poland,  Daniel.    Three  models  of  fiablng-veisela. 
Sadoliffe,  Captain,    Yoaog  thKebea  ihatk.  {Alopiat  rmlpei) ;  fromoff  Eastern 

Point. 
Sigg»,  CapL  Jothva,  mhoouer  PXtf  J.  Batmrn.     Specimena  of  frigate  maokeiel 

(Aturig);  from  off  BlMk  Island. 
Sotee,  John,    Calcaieons  rock ;  ftom  George's  Bank. 
Byaa,  Copt.  J.,  and  orew  of  tduxnur  David  A.  Story.    Speaimena  of  fiahes 

(Myxine,  Maorttnu,  Sgn/^hobntnchus,  PatnmSimt,  CntrotcyUivm,  Soopebu), 

apoogeB(HaU(A«iidria,  PhaMlia),t:i3Ta}B(Alesonium,  PaTagOrgia),hjda>iia, 

eea-roaee,  aeddians,  sliells,  Bea-mjce,  &o. ;  from  tlie  Grand  Bank. 
Sehoontr  Adelia  SaTtwell,e^tei»and  eretBOf.  Twolsrge  bone;  combrooks; 

from  George's  Bank. 
Sc^ioontr  Enola  C,  oitptain  and  erne  of.  Hoise  maBsels  (Modiola)  with  barna- 
cles (Balamu)  attaohed ;  fhim  George's  Bank. 
Sohooiter  Joiephitie,  of  Aocfcport,  captain  and  erew.    Ling  or  mnttWi-fish ;  from 

off  Chatham,  Masa. 
Sehooner  Mary  E.  Da*i«U,  oaptain  and  orm  of.    Spiny  lump-fish  (Eumicrotrenti* 

«pi)to*M),  biyozan  coral  {Etekareptia  rotaeea)  and  eggs  of  gaateropod ; 

from  the  Giuid  Banks. 
Stkooner  Ifmihern  Star,  captain  <md  erae  <tf.    Lai^  monk-fleh  (lophita  antri- 

camu) ;  from  Weetern  Bank. 
SehcMtr  WUliam  Partans,  2d.  Bpeoimenof  balnna;  from  tbo  Grand  Banks. 
ScotI,  Oeorge  W.,  scAomitr  ClyHt.  Specimen  of  fishes  (SoonCber,  Oadue,  Pctro- 

myzon),  crabs  (ffjios),  BbeIlB,li;droida,&o.;  from  Brown's  Bank. 
Skarin,   Herman.   Barnacles  (,Balaina)  and  chalina  sponge ;  from  Brown's 

Bonk. 
Smith,   Capl.  Joseph,  lehooner   Wm.  M.  Qaffney.     Sevhorse  {H^fpoeamput) ; 

from  off  Block  Island. 
Smith,  Capt.  Eobert,  «oAooRer  Vohtnteir.    Speoimeii  of  mackerel;   bom  off 

Segnin,  Maine. 
5purr,  Capt.  Alfred,  and  crew  of  st^u>o«er  John  F.   Wontan.  SpeclmenB  of  sea 

featbem,  corals,  tnnlcates,  &.O. ;  from  George's  Bank. 
Story,  CkarU»  0.  Three  building  models  of  fishing-Tessels. 
Tarr,  Capt.  Zt^ulon,  and  ertKnf»eboo»er Mary  Femold.    Mackerel-food  (Cope- 

poda)  and  small  fish  from  mackeiel  stomachs ;  from  Prince  Edward's  Island. 
Tliompmm,  Capt.  Thomat,  and  erew  of  tdhooner  lAsjsie  E.  Clark.    Crustaceans, 

raaokerel-midgcA,  and  fishes ;  frmn  off  the  coasts  of  Maine  and  Prince 

Edward's  Island. 
Wadtvorth,  Capt.  Jamet,  aiid  orere  of  ediooner  Conductor.    Specimens  of  fishes 

(ftaifroadyllfwa,  ffaloporphyru*,  Synaphobranchm),  coral  (Alegoninm),  and 

sea  feathers  (Pennatula  and  Bi^tioina)  ;  frMn  George's  Banks. 
Wellt,  Captain,  and  orev  of  teKooner  B.  A.  Dvncan.     ^leoimena  of  flshes,  star- 
fishes, crabs,  sponges,  &c. ;  fivm  Brown's  Bank  and  off  Nora  Scotia. 
Wheder,    Captain,  mihovner  Defiinax,     Sear-lamprey   (fetromjfiOH)  from    off 

Thatcher's  Island,  and  moon  fish  (Por^lUfipiu)  from  Ipswich  Bay. 
White,  Capt.  Thomae,  and  crea  of  schooner  Martha  and  Susan.     Specimens  of 

fishes  (CAtrtwtona,  Pstromymn'!,   crabs  (Hyat),   mnssels  (_ModioUi),   eeor 

nrchins,  &a. ;  trom  Brown's  and  Goorge'e  Banks. 
Whitton,  Capt.  Oaen  A.,  andorme  of  sAoonor  Wm.  H.  Oakts.     Specimens  of 

fishes  (Synaphobranohus,  MyiAne},  corals  {Keratoisia,  AnthomaetitM,  Poro- 
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Wathington,  J).  C — Continued. 
United  States  Conmiaaion  of  Fish  and  I^heries — Gontiaaed. 

gorgia,  Jfojoniun),   aquid  {JroAitevlAu),  spongea  {Poljitnoitia,  PhaMlia), 
oiiemoQM,  crinoidH,  &o. ;  from  the  Grand  Banks. 
WilUamt,  Copt.  B.  A.,  (Md  erew  of  »ckooner   Centennial.     Specimens  of  &ah.» 
{Lyeodeg,  MaUotiui),  etar-fishee  {SolatUr,  A»teria»)  tunicates,  sea^^ncnm- 
bera,  ahellB,  &c. ;  Irom  the  Grand  Bank. 
Wiimm,Mr.    Specimeosof  fiBlies(£('I<utn-,^I>t)a«t«ria);  from  off  Cape  Breton 

Woiuon,  Everett.     Langhing  gull  (^Lana  a(ricilla) ;  from  Brace's  Cove,  Gloa- 

FTofuon,  Fletdher.    Calcareona  rooks,  See. ;  from  George's  Bonk. 
Wonaon,  Ji>kii  F,    Speoimeua  American  sole  (Jcftirut)  and  calcareons  look, 
from  the  Sontb  Cliaimel ;  and  shells  and  barnacles  from  hall  of  batk  Satt- 
tee  (Africa). 
Wrigkl,   Capt.  Frank,  and  artw  <^  adiooner   Wachuaett.     8peounena  of  fishes 
(Myxine),  scollops,  whelks,  sponges,  coraJs  {Escharopiia,  Frimnoa),  sea- 
feathers,  &c. ;  from  the  Grand  Banks. 
Navy  Department  ; 
Bureau  of  Steam  Engineering.    (See  ander  name  of  Passed  Assistant 

Engineer  H.  C.  Becktcith.) 
United  States  Navy.    (See  under  names  of  Commodore  Earl  Snglish, 
Gapt.  B.  Chandler,  Commanders  Lester  A.  Beardslee,  B.  ID.  Evans, 
and  Ensign  W.  L.  Wood.) 
Treasury  Department : 

United  States  Coast  and  Geodetic  Survey,   Capt.   0.  P.  Patterson, 

Superintendent.    (See  under  IT.  S.  DalL) 
United  States  Sevenwe  Marine.    (See  under  Dr.  Robert  White.) 
War  Department : 
Signal  Service.    (See  under  names  of  Capt.  H.  W.  Bowgate  and  Pi* 

vate  E.  W.  Nelson.) 
Surgeon- QeneraFs  Off.ee,    (See  under  the  names  of  J)rg.  J.  N.K.  Cor- 
son, Elliott  Coues,  R.  E.  Xiightbume,  QeorgeS.Moran,  C.A.  Setcall, 
and  H.  W.  Taylor.) 
Surv^s  west  of  the  one  hundredth  meridian  {Capt.  Q.  M.  Wheeler  in 

charge).    Ten  boxes  invertebrate  fossils. 
United  States  Army.    (See  under  the  uainea  of  General  M.  0.  Meigs, 
Lieut.  Col.  Bichard  J.  Dodge,  Captains  Charles  Bendire,  E.  Craw- 
ford, Levi  Cromwell,  James  Qtlliss,  Lieuta,  A.  W.  Greely,  L.  D. 
Qreen,  H.  Romeyn,  and  J.  B.  Stceitzer.) 
Wasson,John,  United  States  Surveyor -General,  Arizona.    Specimens  of 

minerals  from  various  mining  claims  in  Arizona. 
Weeden,  W.  C.    Thre«  living  blacksnakes  {Basoanion  constrictor),  and 

skin  of  shrike;  from  Washington,  B.  G. 
WeeTcg,  Charles.    Arrow-heads;  from  Maryland. 
West,  John.    Specimens  of  stone  implements;  from  Virginia. 
West,  William.    Indian  stone  implements;  fi-om  Virginia. 
Westoott,  0.  8.     Jaw  of  fl-esb-water  drum  [Eaploidonotus  grunniens)^ 
from  Wisconsin. 
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WkittaJcer,  E.  W.    Specimen  of  mineral. 

White,  Dr.  C.  A.    A  collection  of  fossils;  from  Tarions  localities. 

White,  ff.   G.    Skin  of  titmonee  [Parua  atricapiUus) ;  &om  Tannton, 

Mass. 
White,  Dr.  BfAert,  United  States  Revenue  Marine.    Six  boxes  of  general 

natural  history  gpecimeos;  &om  Alaska. 
White,  Samuel  (through  Dr.  A.  P.  L.  Pease).    Specimens  of  minerals; 

from  Ohio-  " 

White,  Thomas  J.    Flint-lock  pistol  fonnd  at  Harper's  Ferry,  W.  Va. 
Whitnet),  J.  L.    Copper  ax  and  shell  implement ;  from  Ohio  (purchased). 
Wiggins,  F,  B.    Three  living  possnms ;  from  Virginia. 
Wiggins,  John  B.    Three  pieces  of  soapatone;  from  Yirginia. 
Wilcox,  W.  A.    One  hundred  and  thirty  packages  of  flshing  apparatus 

and  samples  of  various  preparations  of  flsh. 
Wilder,  B.  G.    Living  MeJiobranekus ;  from  Ne.w  York. 
WiVdn,  Dr.  J.  F.    Tank  of  fishes;  from  Virginia. 
Williams,  Captain  [through  W.  S.  Dall).    Specimen  of  seal  (Sistriophoca 

equestris)  j  from  Bering  Sea. 
Williams,  Eev.  0.  F.    Pottery  flgore  (lent  for  casting). 
Williams,  J.  Q.    Specimeas  of  minerals;  fr^m  Fennsylvania. 
Wilmot,  Samuel.    Three  specimens  of  salmon ;  from  Canada. 
Wilson,  G.  B.    Box  of  birds'  eggs ;  from  Texas. 
WiUon,  Lewis  (through  Geo.  A.  Boardman).    Specimen  of  hluefish;  from 

Maine. 
Winalow,  Ensign  Framiia,  AssistaM  United  States  Coast  and  Cfeodetic 

Surv^.    Bottle  of  alcoholic  fishes ;  ftom  the  Chesapeake  Bay. 
Woltz,  George.    Living  water-snake  and  five  Indian  arrow-heads ;  from 

Virginia. 
Wood,  J.  W.    Bottle  of  reptiles ;  from  Wisconsin. 
Woods,  James.   Indian  drilled  implement,  with  original  drill;  fh)m  New 

York  (lent  for  casting). 
Woods,  M..  X.,  Ensign  U.  8.  2f.    Box  of  alcoholic  8x>ecimens  of  reptiles; 

from  Texas. 
Woodman,  Dr.  S.  T.    Foar  boxes  of  Indian  relics ;  from  Iowa. 
Wooster,  A.  F.    Specimens  ot  birds'  eggs,  minerals,  and  mosses. 
Wooton,  J.  B.    Specimens  of  insects. 
Worth,  S.  G.    Specimens  of  fish ;  from  North  Carolina. 
Wright,  Abel  A.    Water-beetle;  from  Georgia. 
Wright,  Isaac  S.    Box  of  flsh-hatching  apparatus. 
Wyeth,  John,  &  Brother,  Philadelphia.    Bottle  of  fluid  extract  of  sea- 

wryack. 
ZireU,  RetAen.   Specimens  of  stalagmitic  formations;  from  New  Market 

Cave,  Va. 
Zug,  J,  B,    Specimen  of  graiiite. 

A  number  of  specimens  of  fishes,  seeds,  plants,  minerals,  Indiaji  relics, 
birds,  &c.,  have  also  been  presented  by  unknown  donors. 
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The  following  articles,  which  have  been  added  to  the  collectionB  of 
the  National  Museum,  were  presented  to  the  United  States  Commis- 
aion  of  Fish  and  Fisheries  at  the  International  Fisheries  Exhibition, 
Berlin,  1880: 
Dbnmaek: 

Danish  Commission.    Two  models  of  Danish  fishing- vessels,  a  model 
of  an  eel-w^,  and  an  eel-spear. 
QEBHAj-rs-: 

BerHn  Aquarium,  Dr.  Sermes.    A.  number  of  fishes  from  the  Berlin 

Aquarinm. 
Borne,  Max  von  dem.    Model  of  a  flsh-pond,  a  fiill  size  model  of  a 
sluice-way  and  gate  for  fish-pond;  also,  some  fish-hatching  ap- 
paratus. 
Leipsio,  Museum  JUr  TolkerJcunde.    A  small  collection  of  ethnologi- 
cal objects,  principally  African. 
Oterendorp  &  Co.,  Sordemei.    Model  of  a  German  fishing-vesseL 
Peterson,  Kuno;  Flensburg,    Model  of  a  G^man  trawling- vessel. 
Schuster,  Carl.    Transportation  can  for  fi^h. 
Holland:  ' 

Dutch  Commission;  A.  E.  Maas,  commissioner,    A  model  of  a  life- 
saving  boat. 
"N^tunus"  Company,  Sieuae  Diep.    Model  of  a  peculiar  Dutch 
fishing-boat. 
Italy: 

Italian  Commission.    A  large  series  of  canned  fish. 
Florence  Natural  History  Museum,  Prof.  JEJnrieo  Qiglioli.    A  small 
collection  of  Italian  water-birds,  and  a  series  of  Italian  fishes  in 
alcohol. 
Qenoa  Natural  Bistory  Museum,  Dr.  Dedo  Vindguerra.    A  collection 
of  Italian  fishes  in  alcohol. 
Noeway: 

Norwegian  Commission.  Models  of  five  different  Korwegian  fishing 
vessels  and  boats.  A  model  of  a  fisher-house  at  the  Lofoten 
Islands.  A  collection  of  fishing  gear,  including  Lines,  hooks,  and 
trawl;  besides  a  set  of  cooper's  tools,  used  in  making  fish-barrels. 
Also  a  large  series  of  samples  of  canned  and  dried  fish. 
Stavanger  Preserving  Company,  Stavanger.  A  series  of  samples  of 
canned  fish. 


Russian  Commission.    Specimen  of  fish  isinglass,  and  a  large  and 
finely-illustrated  work  on  the  inland  fisheries  of  Kossia, 
Sweden  : 

Sicedish  Commission.    A  series  of  samples  of  canned  and  dried  fish. 
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REPOET   OF  EXPLORATIONS   W   KBW  MEXICO  AND  ARI- 
ZONA, BY  JAMES  STEVENSON. 

Professors.  F.  Baibd: 

Deae  Sib:  I  liave  the  honor  to  present  yon  herewith  a  brief  state- 
ment of  the  explorations  made  by  the  party  niider  my  charge  during 
last  summer;  giving,  for  the  present,  only  an  outline  of  the  conntiy 
traversed  auij  the  aggregate  results  aceomplished. 

The  paity  arrived  at  Santa  F^,  Now  Mexico,  about  the  first  of  Sep- 
tember last,  where  a  few  days  were  spent  in  arranging  details  for  the 
prosecution  of  the  field  work. 

From  Santa  F6  the  party  traveled  direct  to  the  pueblo  of  Taos,  by 
■way  of  the  Rio  Grande.  At  Taos  about  a  week  was  spent  in  making 
collections;  many  sketches  were  made,  ropresenting  picture-writing  on 
the  interior  of  the  dwellings  and  estufas.  Quite  a  number  of  photo- 
graphic illaatrations  were  made,  showing  the  entire  outlines  of  the  vil- 
lage, including  many  details  of  its  structure,  siifKcientlj  to  eonstmct  a 
model.  Portraits  were  also  taken  of  the  principal  individuals  of  the 
pueblo. 

From  Taos  the  party  proceeded  southward  to  the  pueblo  of  San  Joan. 
From  San  Juan  to  &inta  Clara,  from  Santa  Olara  to  San  Ildefonso, 
from  there  to  Nambe,  thence  htiak.  to  Santa  F6.  A  few  days  more  were 
spent  at  the  latter  place  in  obtaining  supplies  for  fnture  work.  We 
again  proceeded  southward  to  the  pneblo  of  Oochiti,  which  ig  situated 
on  the  west  bank  of  the  Rio  Grande,  aboat  30  miles  from  Santa  F& 
The  party  spent  several  days  at  this  place  making  collections,  photo- 
graphic and  other  illustrations.  From  Gochiti  we  traveled  westward 
about  30  miles  to  the  pueblo  of  Jemez,  situated  near  the  sources  of  the 
Rio  Jemez.  At  this  village  some  days  were  spent  in  making  collec- 
tions, photographs,  &c.  From  Jemez  we  followed  up  the  Eio  Jemes  to 
the  Hot  Springs,  near  which  we  fonnd  several  large  ruins,  both  Indian 
and  Spanish.  Many  views  were  made  of  the  ruins,  as  well  as  a  collec- 
tioQ  of  pottery  fragments,  stone  implements,  &c.  From  Jemez  our 
course  was  soath,  following  the  Jemez  River.  About  ten  miles  below 
Jemez  we  found  (iie  pueblo  of  Silla,  or  Sia ;  here,  too,  a  collection  was 
made,  and  some  photographs.  Continuiog  down  the  river  some  miles, 
we  reached  the- pueblo  of  S.inta  Ana.  This  pneblo  we  found  to  be  mach 
larger  than  any  we  had  visited,  except,  perhaps,  Taos.  Our  investiga- 
tions at  this  pueblo  were  as  full  and  complete  as  those  made  at  the 
other  pueblos.  From  Santa  Ana  we  continued  soath,  crossing  the 
Rio  Grande,  to  the  pueblo  of  Sandia.  At  this  village  a  full  collection 
was  made  and  an  ample  number  of  photographic  iUustratious  to  con- 
vey ihe  fullest  Impression  of  the  pueblo.  From  Sandia  we  moved  on 
to  S&nto  Domingo.    This  pueblo  is  located  on  the  east  bank  of  the  Rio 
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Grande,  and  between  that  and  the  lice  of  the  Atcliiaon,  Topeka 
and  Santa  F6  Bailroad.  We  also  made  a  complete  collection  of  pot- 
tery, &o.,  at  thiB  point.  From  here  we  contluaed  oar  journey  up  the  ^ 
Bio  Grande  to  the  pueblo  of  San  F^lip^.  -Here  we  also  spent  several 
days  making  illustrations  and  coIlectioDB.  We  then  returned  to  Santa  F^ 
from  where  a  special  trip  was  made,  via  the  railway,  to  the  pueblo  of 
Isleta.  At  each  of  the  pueblos  a  eofaeieat  time  was  taken  to  make 
investigations  of  all  kinds  in  relation  to  the  inhabitants,  and  to  make  a 
full  typic^  collection  of  all  their  ateusils,  fabrics,  &c.,  illuatratiiLg  their 
indastriea,  &c. 

There  are  very  many  details  and  specimens  of  speol^  interest  which 
can  only  be  presented  after  an  examination  of  the  sketches,  photo- 
graphs, and  specimens. 

The  object  of  greatest  interest  to  the  party  was  the  discovery  of  a 
class  of  ruins  occupying  a  large  area  of  country  about  45  miles  west  of 
Santa  F^,  and  lying  around  the  base  of  the  Jemez  Mountains,  and  be- 
tween these  monntains  and  the  Bio  Grande.  These  ruins  extend  in  a 
semicircular  manner  fix)m  near  Ildefonso  around  to  the  sources  of  the 
Bio  Jemez,  and  are  in  depth  from  3  to  15  miles.  The  houses  are  ex- 
cavated in  the  fikces  of  perpendicular  bluffs  composed  of  a  soft  volcanic 
tufa,  very  much  resembling  pumice  stone ;  each  blufl'  is  shaped  in  its 
outlines  somewhat  like  a  horseshoe,  the  whole  being  situated  in  series, 
facing  the  river,  and  receding  back  from  it,  one  above  the  other,  toward 
the  Jemez  Mountains.  The  accompanying  pencil  eketcltes,  by  Mr.  F, 
G.  Galbraitb,  and  one  of  the  photographs  will  convey  an  impression  <Si 
their  appearance.  From  these  ruins  a  large  quantity  of  stone  imple- 
ments were  collected. 

One  other  locality  which  came  within  view  of  the  party,  bat  which 
was  not  examined  for  want  of  time,  will  prove  of  much  interest.  The 
locality  referred  to  is  on  either  side  of  the  Upper  Jemez  Eiver,  which 
is  bordered  by  nomeroas  mesas  from  four  to  hiteen  hundred  feet  in 
height,  and  much  broken  or  cut  up  by  canons  which  have  in  many 
instances  separated  the  mesas  &om  each  other.  Located  on  the  sum- 
mits of  these  mesas  we  found  twenty-seven  villages  in  ruins,  which  we 
could  only  see  with  our  glasses  from  the  summit  of  a  high  mountain. 
The  mesas  on  which  these  rains  are  situated  are  so  high  and  difficult 
of  access  that  many  days  would  be  reqaired  to  explore  a  single  one 
of  them. 

Id  samming  up  the  results  of  the  work  for  the  season,  I  can  do  no 
more  than  to  give  a  list  of  the  collections  and  illastrations  made. 

Photographs. — Twenty-two  11x14  views  representing  the  pueblos  of 
Taos,  San  Juan,  Santa  Clara,  San  Ildefonso,  Pojaaquiti,  Tesuque, 
Kambe,  Gochiti,  Jemez,  Jemez  Bains,  Silla  or  Zia,  Santa  Ana,  Sandia, 
Isleta,  Santo  Domingo,  San  F61ip6,  and  Picorls.  Twenty-one  8x10 
portraits,  embracing  the  governors  and  other  principal  persons  of  the 
Paeblo  tribes  visited. 
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Specimena. — Two  thousand  eight  hnndred  sjtecimens,  embracing  pot- 
tery, pesHeB,  mortars,  baking  stones,  grinders,  polishing  stones,  drills, 
axes,  spears,  ajTov-heads,  scrapers,  adzes,  &c.  Fabrics,  sacli  as  blank- 
ets, waistlets,  anklets,  leggins,  dresses,  head-dresses,  &&  Also,  toys, 
bird-traps,  spindle- whoris,  gaming-stones,  cart  and  plow,  and  many  other 
objects  too  niunerons  to  specify. 

Hoping  this  brief  statement  may  serve  your  purposes  for  the  time 
being, 

I  am,  very  reapectftilly,  your  obedient  servant, 

Jaues  Stevenson. 
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EEOEIPra  AND  DISTRIBUTION  OF  SPECIMENS. 

[Those  lableB  show  only  what  has  been  recorded  or  entered  m  tie  detwled  catalogues,   • 
constituting  but  a  small  proportion  of  the  whole.] 

Table  showing  the  number  of  eniriet  in  the  record-books  of  the  United  States 
National  Museum  at  the  close  of  the  years  1879  and  1880,  respectively. 


Class. 

1979. 

leeo. 

M^mmalo 

13, 144 
79,093 
10,407 
23,561 
16,306 
18,049 
2,324 
100 
33,169 
3,230 
8,075 
20,450 
39,017 

i;^ 

Birds 

26,947 

18,169 

2,514 

100 

Annelids - 

9,750 

^6,925 

14,586 

Approximate  to&Ie  of  the  distribution  of  duplicate  ^ecimens  to  the  md  of 
1880. 


Totak  to  end  of 
1879. 

Distribution  dur- 
ing 1880. 

Total  to  end  of 

1880. 

Species. 

Speci- 
mens. 

SpeoieB. 

Speoi- 

mens. 

Species. 

Speci- 

Skeletons  and  Bkolls 

586 
2,167 
27,940 
2,566 
6,443 
8,234 
4,538 
1,097 
90,703 

593 
1,907 

■SO,  442 
4,391 

10,006 

6;e49 

1,174 

1,924 

4,822 
42,318 

4,158 

9,976 
20,511 
10,091 

2,689 

197,828 

793 

5,V40 

52,861 

10,518 
21,407 
5,494 

1,928 

a 
s 

185 
24 
4,460 
162 
151 

31 

3 

199 

33 

4,063 
403 
240 

588 
2,169 

28.135 
8,590 

10,903 

l|097 

90,722 

593 

9,258 

30,496 
4,417 

10,250 
3,884 

1,176 

1,945 

dim 

^Swr:::::.::""::::" 

Hests  and  egga  of  birds ... . 

.  ao,9i4 

2,B99 

20 

45 

793 

Plants  and   packAgea   of 

7,351 

54 
26 
244 
35 

2 

8,194 

169 
28 
330 
289 

83 

13,434 

10,544 

MineralB  and  rookB 

Diatomaeeons  earths 

21,757 
5,783 

2,010 

196,635 

39-2,558 

12,718 

14,697 

209,353 

407,255 

rrcoogic 
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THE  FIRST  DECADE  OP  THE  TTNITED  STATES  PI8H  OOM- 
MiaSIONi  ITS  PLAN  OP  WORK  AND  ACCOMPLISHED  RE- 
SULTS, SOIEJSmPIG  AND  ECONOMICAL. 


B;  G.  Bbowk  Goods.  * 


There  are  nine  departments  of  the  govenimeut  devoted,  id  pare  or 
wholly,  to  researdiea  in  pure  and  applied  science — the  Geolo^cal  Sar- 
vey;  liie  Coast  and  Geodetic  Survey;  the  Naval  Observatory;  tlie 
National  Museum;  the  Department  of  Agriculture;  the  Entomological 
CommisBion ;  the  Tenth  Census,  ^ith  its  special  agencies  for  the  study 
of  the  natural  resonices  of  the  country ;  the  Smithsonian  Bureau  of  Eth- 
nology, and  the  Commission  of  Pish  and  Pisheries.  The  Smithsonian 
Institution,  established  upon  an  independent  foundation,  should  also  be 
mentioned,  as  well  as  the  Medical  Museum  of  the  Army,  and  the  various 
laboratories  under  the  control  of  the  Army  and  Navy  Departments. 

The  Geological  Survey  is  not  now  carrying  on  any  of  the  schemes  of 
zoological  and  botanical  investigation  engaged  in  by  its  predecessors. 

The  work  of  the  Entomolo^cal  Commission  and  that  of  the  census, 
though  of  extreme  importance,  are  limited  In  scope  and  duration,  while 
that  of  the  Agricoltnral  Department  is  necessarily,  for  the  most  part, 
economical. 

The  work  of  the  National  Museam  is  chiefly  confined  to  the  study  of 
collections  made  by  government  surveys  or  individual  collectors  and  sent 
in  to  be  reported  upon. 

The  work  of  the  Pish  Commission,  in  one  of  its  aspects,  may  perhaps 
be  regarded  as  the  most  prominent  of  the  present  e£r<cbts  of  the  govern- 
ment in  aid  of  aggressive  biological  research. 

On  the  9th  of  February,  1871,  Congress  passed  a  joint  resolution  which 
authorized  the  appointment  of  a  Commissioner  of  Pish  and  Pisheries. 
The  duties  of  the  Commissioner  were  thus  defined:  "To  prosecute  invest!- 
gatioDB  on  the  suly^t'  (<>f  ^^  diminution  of  valuable  fishes)  with  the  view 
of  ascertaining  whether  any  and  what  diminution  in  the  number  of  the 
food-fishes  of  the  coast  and  the  lakes  of  the  United  States  has  taken 
place ;  and,  if  so,  to  what  causes  the  same  is  due;  and  also  whether  any 
and  what  protective,  prohibitory  or  preeautiouaiy  measares  should  be 
at^pted  in  the  premises,  and  to  report  upon  the  same  to  Congress." 

The  resolution  efltablishing  the  office  of  Commissioner  of  Fisheries 
required  that  the  person  to  be  appointed  should  be  a  civil  officer  of  the 
government,  of  proved  scieutiflo  and  practical  acquaintance  with  the 
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fishes  of  tbe  coaat,  to  serve  witiiotit  additioital  salary.  The  choice  was 
thns  practioally  limited  to  a  skigle  man  for  whom,  Id  fact,  the  office  had 
been  created.  Professor  Baird,  at  that  time  Asffistant  Secretary  of  the 
SmithsoDian  iDBtitation,  was  appointed  and  entered  at  once  npon  his 
duties. 

The  summer  of  1680  maiks  the  tenth  season  of  active  Trorh  since  its 
inception  in  1871.  The  Fish  Oommiseion  now  fills  a  place  ten-fold  more 
extensive  and  nae&l  than  at  first.  The  present  essay  aims  to  show,  in 
a  general  way,  what  it  has  done,  is  doing,  and  expects  to  do — ^its  pur- 
poses, its  methods,  iba  reanlts. 

The  work  ia  naturally  divided  into  three  sections: 

1.  The  ^stematio  investigation  of  the  waters  of  the  United  States 
and  the  hiological  and  pl^'sical  problems  which  they  present.  The  sci- 
entiflc  studies  of  the  Commission  are  based  npon  a  liberal  and  philo- 
sopfaioal  interpretation  of  the  law.  In  making  his  ori^aal  plans  the 
Oommissioner  insisted  that  to  study  only  the  food-fishes  would  be  of 
little  importance,  and  that  useM  conclusions  mnst  needs  rest  npon  a 
broad  foundation  of  investigations  purely  scieotifie  in  character.  The 
Uife  history  of  species  of  economic  value  should  be  nnderatood  irom  be- 
ginning to  end,  but  no  less  requisite  is  it  to  know  the  histories  of  the 
animftfs  and  plants  upon  which  they  feed  or  npon  which  their  fbod  is 
nourished;  the  histories  of  their  enemies  and  friends,  and  the  IMends 
and  foes  of  their  enemies  and  firiends,  as  well  as  the  currents,  tempera- 
tures, and  other  physical  phenomena  of  the  waters  in  relation  to  migra- 
tion, reproduction,  and  growth.  A  necessaiy  accompaniment  to  this 
division  is  the  amassing  of  material  for  research  to  he  stored  in  the  N'a- 
tional  and  other  muaenme  for  ftitnre  use. 

2.  The  investigation  of  the  methods  of  fisheries,  past  and  present, 
and  the  statistics  of  prodnction  and  commerce  of  fishery  products.  Maji 
being  one  of  the  chief  destroyers  of  fish,  his  infiuence  upon  their  ahnn- 
dance  must  be  studied.  Fishery  methods  and  apparatus  must  be  exam- 
ined and  compared  with  those  of  other  lands,  that  the  use  of  those  which 
threaten  the  destruction  of  nsefiil  fishes  may  be  discouraged,  and  that 
those  which  are  inefficient  may  be  replaced  by  others  more  serviceable. 
Statistics  of  industry  and  trade  mast  be  secured  tot  the  nse  of  Congress 
in  making  treaties  or  imposing  tariffs,  to  show  to  producers  the  best 
markets,  and  to  consumers  where  and  with  what  their  needs  may  be 
snpphed. 

3.  The  introduction  and  multiplication  of  useful  food-fishes  through- 
out the  country,  especially  in  waters  under  the  jurisdiction  of  the  gen- 
era government,  or  those  common  to  several  States,  none  of  which 
might  feel  willing  to  make  expenditures  for  the  benefit  of  the  others. 
This  work,  which  was  not  contemplated  when  the  Commission  was 
established,  was  first  undertaken  at  the  instance-of  the  American  Fish 
Cultural  Association,  whose  representatives  induced  Congress  to  make 
a  special  appropriation  for  the  purpose.    This  appropriation  has  since 
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been  renewed  every  year  on  a  more  boimtifdl  scale,  and  the  propagation 
of  fish  is  at  present  by  &r  tlie  most  extensive  branch  of  the  work  of  the 
OommisBion,  both  in  respect  to  nnmber  of  men  employed  and  qaantity 
of  money  expended. 

Although  activity  in  this  direction  may  be  regarded  in  the  light  of 
applied  rather  than  pare  scientific  work,  it  is  particolai'Iy  important  to 
the  biologist,  since  it  affords  opportunities  for  investigating  many  nev 
problems  in  physiology  and  embryology. 

The  origin  of  the  Commission,  \is  porposes,  and  methods  of  organiza- 
tion having  been  described,  it  now  remains  to  review  the  accomplished 
resolts  of  its  work.  In  many  departments,  especially  that  of  direct 
research,  most  efBcient  services  have  been  rendered  by  voltmteers;  in 
tact,  a  large  share  of  what  has  been  accomplished  in  biological  and 
physical  exploration  is  the  result  of  unpaid  labor  on  the  part  of  some  of 
the  most  skillfiil  American  specialists.  Although  it  would  be  interest- 
ing to  review  the  peculiar  featnres  of  the  workof  each  investigator,  the 
limits  of  this  paper  will  not  allow  even  a  mention  of  them  all  by  name. 

Since  the  important  fisheries  center  in  Kew  England,  the  coast  of 
this  district  has  been  the  seat  of  the  most  active  operations  in  marine 
research.  For  ten  years  the  Commissioner,  with  a  party  of  specialists, 
has  devoted  the  summer  season  to  work  at  the  shore  at  various  stations 
along  the  coast,  from  Connecticut  to  Nova,  Scotia. 

A  suitable  place  having  been  selected,  a  temporary  laboratory  is  fitted 
up  with  the  necessary  appliances  for  collection  and  study.  In  this  are 
pi'aced  &om  ten  to  twenty  tables,  each  occupied  by  an  investigator, 
either  an  ofQcer  of  the  Commission  or  a  volunteer.  From  1878  to  1879 
important  aid  was  rendered  by  the  Secretary  6f  the  Navy,  who  detailed 
'for  this  service  a  steamer  to  be  used  in  dredging  and  trawUng,  and  this 
year  the  steamer  built  expressly  for  the  Commission  is  employed  in  the 
same  manner." 

The  regular  routine  of  operations  at  a  summer  station  includes  all  the 
varioQS  forms  of  activity  known  to  naturalists — collecting  along  the 
shore,  seining  upon  the  beaches,!  setting  traps  for  animals  not  otherwise 
to  be  obtained,  and  scraping  with  dredge  and  trawl  the  bottom  of  the 
sea  at  depths  as  great  as  can  be  reached  by  a  steamer  in  a  trip  of  three 


'The  nnmber  of  dredging  and  trawling  stations  on  record  is  as  follows: 

1871.  Wood's  HoU 345 

1B72.  Eastport,  200  by  hand,  35  by  steamer 235 

1873.  Portland 149 

1874.  Koank 223 

1875.  Wood's  Holl 189 

1877.  Salem 

Halifax 378 

1878.  Gloncester 

1879.  ProTJDcetown , 

Total '. -. 1,600 

tThe  number  of  seine  hitals  is  aboat  600, 
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days.  In  tlie  Ijiboratory  are  carried  on  the  mual  stractnral  and  system- 
atic studies;  the  preparation  of  mnseum  specimeos  and  of  reports, 
Since  the  organization  of  the  Commission  the  deep-sea  work  and  the 
investigation  of  Invertebrate  animals  haa  been  under  the  charge  of  Pro- 
fessor Verrill,  who  had  for  many  years  before  the  Gommiasion  was 
established  been  studying  independently  the  invertebrate  fauna  of  'Sew 
England.      i 

In  addition  to  what  has  been  done  at  the  summer  station,  more  or  less 
exhaustive  investigations  have  been  carried  on  by  smaller  parties  on 
many  parts  of  the  coast  and  interior  waters.  The  fauna  of  ^e  Grand 
Banks  and  other  off-shore  fishing  grounds  has  been  partly  explored. 
In  1872, 1873,  and  1874  dredging  was  carried  on  firom  the  Coast  Survey 
steamer  Bache  by  Professor  Packard  and  Mr.  Cooke,  Professor  Smith, 
Mr.  Harger,  and  Mr.  Bathbun.  In  1879  Mr.  H.  L.  Osborne  spent  three 
months  in  a  cod-schooner  collecting  material  on  the  Grand  Banks,  and 
Mr.  K.  P.  Scadder  as  long  a  time,  on  the  halibut  grounds  of  Davis' 
Straits. 

A  most  remarkable  series  of  contributions  has  been  received  from 
the  fishermen  of  Cape  Ann.  When  the  Fish  Commission  had  its  head- 
quarters at  Crioucester  in  1878  a  general  interest  in  the  zoological  work 
sprang  np  among  the  crews  of  the  fishing  vessels,  and  since  that  time 
they  have  been  vying  with  each  other  in  efforts  to  find  new  animals. 
Their- activity  has  been  stimulated  by  the  publication  of  lists  of  their 
donations  in  the  local  papers,  and  the  number  of  separate  lots  of  speci- 
mens received  to  the  present  time  exceeds  eight  hundred.  Many  of 
these  lots  are  large,  consisting  of  collecting-tanks  full  of  alcoholic  speci- 
mens. At  least  thirty  fishing  vessels  now  carry  collecting-tanks  on 
every  trip,  and  many  of  the  fishermen,  with  characteristic  superstition, 
have  the  idea  that  it  insures  good  lack  to  have  a  tank  on  board,  and 
will  not  go  to  sea  withont  one.  The  number  of  specimens  acquired  in 
this  manner  is  at  least  fifty  or  sixty  thousand,  most  of  them  belonging 
to  species  nnattainable.  Each  halibut  vessel  sets,  twice  daily,  lines 
from  ten  to  fourteen  miles  in  length,  with  hooks  npon  them  six  feet  apart, 
in  water  twelve  hundred  to  eighteen  hundred  feet  in  depth;  and  the 
quantity  of  living  forms  brought  up  in  this  manner,  aod  which  had  never 
hitherto  been  saved,  is  very  astonishing.  Over  thirty  species  of  fishes 
have  thus  been  added  to  the  faana  of  North  America,  and  Professor 
'Verrill  informs  me  that  the  number  of  new  and  extralimiial  fbrms  thus 
placed  upon  the  list  of  invertebrates  cannot  be  less  than  fifty. 

A  permanent  collector,  Mr.  Vinal  N.  Edwards,  has  been  employed  at 
Wood's  Holl  and  vicinity  since  1871,  and  many  remarkable  forms  have 
also  been  discovered  by  him. 

!No  dredging  has  yet  been  attempted  by  the  Commission  south  of  Long 
Island,  though  much  has  been  done  in  shore  work,  especially  among  the 
fishes,  by  special  agents  and  Mends  of  the  Commission,  and  by  parties 
BtAtiooed  here  and  there  in  the  work  of  fish-cultnre.    Mr.  E.  G.  Black- 
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ford,  of  FaltoD  Marfeet,  New  York,  by  carefally  watcbing  the  iufu-ke4; 
Blabs,  has  added  at  least  ten  species  of  fishes  to  the  fanoa  of  the  TJoited  . 
States.  Mr.  F.  Mather  is  stndyiog  the  fish  of  Loog  Island  and. the 
Bonud.  Dr.  Tarrov,  Mr,  Sai-11,  and  others,  have  collected  from  Gape 
Hay  to  Key  West.  tb»  G-ulf  States'  coast  was  exidored  last  wint^ 
by  a  party  conda(d»d  hy  Mr.  Silas  Steams,  who  spent  nine  months  in 
studying  the  subject  relative  to  food  and  the  census.  The  entire  Paeifie 
coast  has  been  scoured  by  Professor  Jordan  for  the  Oommlssion  and 
the  census,  and  the  ichthyology  of  that  region  has  been  enriched  by 
the  discovery  cf  sixty  species  new  to  the  fauna,  forty  of  them  being 
new  to  science.  A  sioiiliur  investigation  on  tbe  Great  Lakes  has  been 
earned  over  a  period  of  several  years  by  Mr.  Milner  and  Mr.  Knmll&B. 
The  ichthyology  of  the  rivers  of  the  oonntry  has  received  much  attention 
irom  the  many  experts  employed  by  the  Commission  in  fishcnltoral  work. 

In  addition  to  these  local  stadies  may  be  meutumed  the  general  explo- 
rations, such  as  are  now  being  carried  on  for  the  oyster,  by  Mr.  Eroeat 
lugersoll  and  Mr.  John  F.  I^der,  for  the  shad  by  Colonel  McDonald,  for 
the  smelt  and  the  Atlantic  salmon  by  Mr.  G.  O.,  Atkins,  and  the  QniDnat 
salmon  by  Mr.  Livingston  Stone. 

A  partial  indication  of  what  has  been  accomplished  may  be  foond  in 
the  number  of  species  added  to  the  varioas  faunal  lists.  Take,  for  in- 
stance, the  cephalopod  mollosks  of  New  England.  In  Professor  Ver- 
rill's  recently  published  monographs,  twenty  speciesere  mentioned,  thir- 
teen of  which  are  new  to  science.   Ten  years  ago  only  three  were  known. 

I  am  indebted  to  Professor  Verrill  for  the  ibllowisg  estimate  of  the 
number  of  species  added  within  the  past  ten  years  to  the  fitaua  of  New 
Sngland,  mainly  by  tiie  agent^  of  the  Commission ; 
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It  is  but  jast  to  say  that  many  of  these  species  were  obtained  by  Pro- 
fessor YerriU  in  the  coarse  of  his  independent  explorations  in  Maine 
and  Gonnectieat  previous  to  1871.* 

*  A  few  days  after  the  rettding  of  this  paper  a  new  &ima  woa  diecoTered  aboat  on« 
hundred  miles  Boatheaat  of  Newport,  and  Mveial  hnndied  nnmbc 
added  to  this  ennmeTsliDn. 
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A  similar  estimate  for  tbe  flshes  indicates  the  discovery  of  at  least 
one  hnDdred  species  on  the  eastern  Atlantic  coast  within  ten  years ;  half 
of  these  are  new  to  science.  Forty  species  hare  been  added  to  the 
£uma  north  of  Cape  Cod;  sixteen  of  these  are  new  and  have  been  found 
within  three  years ;  seventeen  have  been  described  as  new  from  the  Gn]f 
of  Mexico ;  sixty,  and  more,  have  been  added  upon  the  west  coast.  The 
results  of  the  sammera'  campaigns  are  worked  in  winter  by  the  special- 
ists of  the  ^rational  Musenm,  and  nnder  the  direction  of  Professor  Yer- 
rill,  in  ISew  Haven. 

One  of  the  important  featores  of  the  work  is  the  preparation  of  life , 
histories  of  the  asefiil  marine  animals  of  the  country,  and  great  quanti- 
ties of  material  have  been  accumulated  relating  to  almost  every  species. 
A  portion  of  this  has  been  published;  more  or  less  complete  biographical 
monographs  having  been  printed  on  the  bloefish,  the  scup,  the  menhaden, 
the  salmon,  and  the  whitefish,  and  others  are  nearly  ready. 

Another  monograph  which  may  be  referred  to  in  this  connection  is 
that  of  Mr.  Starbnck  on  tbe  whale  fishery,  giving  its  history  £rom  the 
earliest  settlement  of  Korth  Amenca. 

The  temperature  of  the  water  in  its  relation  to  the  movements  of  flsh 
has  from  the  first  received  special  attention.  Observations  are  made 
regularly  during  the  summer  work,  and  at  the  various  hatohing  sta- 
tions. At  the  instance  of  the  Commissioner,  an  extensive  series  of 
observations  have  for  several  years  been  made  under  the  direction  of 
the  Chief  Signal  Officer  of  the  Army,  at  light-houses,  light -ships,  life- 
saviug  and  signal  stations,  carefully  chosen,  along  the  whole  coast. 
This  year  thirty  or  more  fishing  schooners  and  steamers  are  canning 
thermometers  to  record  temperatures  upon  the  fishing  gronnds,  a  jour- 
nal of  the  movements  of  the  flah  being  kept  at  the  same  time.  One 
practical  reenlt  of  the  study  of  these  observations  has  been  the  demon- 
stration of  the  cause  of  the  failore  of  the  menhaden  fisheries  on  the 
coast  of  Maine  in  1879 — a  failure  on  account  of  which  nearly  2,000  per- 
sons were  thrown  out  of  employment. 

Another  important  series  of  investigations  carried  on  by  Commander 
Beardslee,  of  the  Kavy,  shows  tbe  error  of  the  ordinary  manner  of 
using  the  Gasella  Miller  deep-sea  thermometer;  still  another  series 
made  by  Dr.  Kidder,  of  the  Navy,  and  to  be  carried  out  in  future,  had 
for  its  object  the  determination  of  the  tempeiatore  of  the  blood  of 
marine  animals. 

Observations  have  also  been  made  by  Mr.  Miluer  npon  tbe  influence 
of  a  change  from  sea  water  into  fresh  water,  and  from  fresh  water  into 
sea  water,  npon  the  young  of  different  fishes. 

Mr.  H.  J.  Bice  carried  on  a  series  of  stodies  npon  the  effect  of  cold  in 
retarding  the  development  of  incubating  fish  eggs. 

A  series  of  analyses  has  been  made  by  Professor  Atwater  to  deter, 
mine  the  chemical  composition  and  nutritive  value  of  fish  as  compared 
irith  other  artdoles  of  food.    This  investigatioD  is  still  in  progress. 
,  S.  Mis.  31 10  u,j.„Mi,L.OOglC 
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In  connectioii  with  tbe  work  offish  calture,  mnab  attention  haa  been 
jiaid  to  embryology.  The  breeding  times-  and  habits  of  nearly  all  of 
onr  fishes  have  been  atadied,  and  their  relations  to  crater  temperatnies. 
The  embryologlcal  history  of  a  number  of  apecieq,  snch  as  the  cod,  shad, 
alewife,  salmon,  smelt,  Spanish  mackerel,  striped  bass,  vhite  perch,  and 
the  oyster,  have  been  obtained,  under  the  auspices  of  the  Commission, 
by  Messrs.  Brooks,  Eyder,  Schseffer,  Rice,  and  others. 

The  introduction  of  new  species,  in  wat«r  in  which  they  were  pre- 
Tioasly  unknowa,  is  of  special  interest  to  the  student  of  geogTaphloal 
distribntion.  Through  the  agency  of  the  Cominission  the  German  carp 
has  already  been  placed  in  nearly  every  State  and  Territory,  although 
the  work  of  distribution  has  only  just  begnn,  and  the  tench  (2Vnca  vul- 
garis) and  the  golden  orfe  (Idua  mt^notua)  have  been  acclimated ;  the 
shad  has  been  successfully  planted  in  the  Mississippi  Valley  and  on  the 
coast  of  California,  and  the  California  salmon  in  the  rivers  of  the 
Atlantic  slope.  The  martena,  or  lake  whitefish,  of  Bnrope,  has  been 
introduced  into  a  lake  of  Wisconsin.  It  Is  not  my  purpose  to  speak  of 
the  great  success  in  restocking  with  shttd  and  salmon  several  rivers  in 
which  the  supply  was  almost  exhausted,  and  in  planting  the  Schoodic 
salmon  in  numerous  lakes.  By  an  act  of  international  courtesy,  Cali- 
fornia salmon  have  been  successfully  introduced  into  New  Zealand  and 
Oermany.  The  propagation  work  has  increased  in  importance  ftx>m 
year  to  year,  as  may  be  seen  by  the  constant  increase  in  the  amount  of 
the  annual  appropriation.  A  review  of  the  results  of  the  labors  of  the 
Commission,  in  increasing  the  food  supply  of  the  country,  may  be  found 
in  the  annual  reports;  the  rude  applianceaoffiah  culture  ten  years  ago 
have  given  way  to  scientifically  devised  apparatus,  by  which  millions 
of  6ggs  are  hatched  where  thousands  were,  and  the  demonstration  of 
the  possibility  of  stocking  rivers  and  lakes  to  any  desired  extent  has 
been  greatly  strengthened.  This  work  was  for  six  years  most  efficiently 
directed  .by  the  late  Mr.  James  W.  Milner,  and  is  now  in  charge  of 
M^.  T.  B.  Ferguson,  also  commissioner  for  the  State  of  Maryland,  by 
whom  has  been  devised  the  machinery  for  propagation  on  a  gigantic 
scale,  by  the  aid  of  steam,  which  is  now  so  successfully  in  use,  revolu  - 
tionizing  the  art  of  fish  culture. 

The  investigation  of  the  statistics  and  history  of  the  fisheries  has 
perhaps  assumed  greater  proportions  than  was  at  first  contemplated. 
One  of  the  immediate  causes  of  the  establlshbient  of  the  Commission  was 
the  dissension  between  the  line  and  net  fishermen  of  Southern  New 
England  with  reference  to  laws  for  the  protection  of  ihe  deterioratisg 
fisheries  of  that  region.  The  first  work  of  Professor  Baird,  as  Commis- 
sioner, was  to  investigate  the  causes  of  this  deterioration,  and  thereport 
of  that  year's  work  includes  much  statistical  material.  In  the  same 
year  a  zoological  and  statistical  survey  of  the  Great  Lakes  was  accom- 
plished, and  various  clrcnlarswere  sent  out  in  contemplation  of  the 
preparation  of  monographic  reports  npon  the  special  branches  of  tiie 
fisheries,  some  of  which  have  already  been  published.     : ,  docHj^lc 
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In.  1877,  the  Commissioner  andbisBtaff  were  snmmoned  to  Halifax  to 
serve  as  witnesses  and  expeaits  before  tbe  HaJi&z  Fishery  CommiBBion, 
then  charged  with  the  settlement  of  the  ajoonnt  of  compensatioQ  to  be 
paid  by  Uie  United  States  for  the  privilege  of  participating  in  the  fish- 
eries of  the  Provinces.  The  information  at  that  time  available  concern- 
ing the  fisheries  was  found  to  be  so  slight  and  imperfect  that  a  plan  for 
systematic  invesUgation  of  the  sul^ect  was  arranged  and  partially  nn- 
dertaken.  The  work  was  carried  onfor  two  seasons  with  scane  financial 
aidirom  the  Department  of  State.  In  1879  an  arrangement  was  made 
with  the  Superintendent  of  the  Tenth  Census,  who  agreed  to  bear  a 
part  of  the  expense  of  carrying  ont  the  scheme  in  full.  Some  thirty 
trained  experts  are  now  engaged  in  the  preparation  of  a  statistical  report 
on  the  present  state  and  the  past  history  of  the  fisheries  of  the  United 
States.  This  will  be  finished  next  year,  but  the  subject  will  hereafter 
be  continued  in  monographs  upon  separate  branches  of  the  fisheries,  such 
as  the  h^but  fishery,  tbe  mackerel  fishery,  the  shad  fishery,  the  ood 
fishery,  the  herring  fishery,  the  smelt  fishery,  and  various  others  of  less 
importance. 

Hundreds,  and  even  thousands,  of  specimens  of  a  single  species  are 
oftenobtained.  After  those  forthe^ationalMnseumhave  been  selected, 
a  great  number  of  duplicates  remain.  These  are  identified,  labeled, 
and  made  into  sets  for  exchange  with  other  museums  for  distribution  to 
schools  and  small  museums.  This  is  in  aecordance  with  the  time-hon- 
ored usage  of  the  Smithsonian  Institution,  and  is  regained  as  an  im- 
portant branch  of  the  work.  Several  specialists  are  employed  solely 
in  making  up  these  sets  and  in  gathering  material  required  for  their 
ccnnpletion.  Within  three  years  fifty  sets  of  fishes  in  alcohol,  including 
at  least  ten  thousand  specimens,  have  been  sent  ont,  and  fifty  sets  of 
invertebrates,  embracing  one  hundred  and  seventy-five  species  and  two 
bnndred  and  fifty  thousand  specimens.  One  hundred  smaller  sets  of 
representative  forms  intended  for  educational  purposes,  to  be  given  to 
schools  and  academies,  are  now  being  prepared. 

The  arrangement  of  the  invertebrate  duplicates  is  in  the  charge  of 
Mr,  Richard  Eathbun ;  of  the  fishes,  in  that  of  Dr.  T.  H.  Bean. 

Facilities  have  also  been  given  to  many  institationB  for  making  col- 
lections on  their  own  behalf. 

Six  annual  reports  have  been  published,  with  an  aggregate  of  S,650 
pages.  These  cover  the  period  from  1871  to  1878.  Many  papers  relat- 
ing to  the  work  have  been  published  elaewher&~particalarly  descrip- 
tions of  new  species  and  results  of  special  fannal  exploration. 

AN  EFITOSB  OP  THE  HISIOET  OP  THE   GOUUISSIOIT. 

1871. — ^The  OMnmissioner,  with  a  party  of  zoologists,  established  the 
bat  summer  station  at  Wood's  Holl,  Itlaas.,  othw  aBsistants  being  en- 
gaged in  a  similar  work  at  Oape  Hatteras  and  tbe  Great  Lakes.  He 
■Ibo  pecBonally  investigated  the  alleged  deijrease  of  the  fisheries  in 
Mothem  !New  England,  taking  the  testimony  of  numerous  witnesses. 
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1872.— This  year  the  sammer  station  was  at  Eastport,  Me.,  paitSonlar 
attention  being  paid  to  tbe  herring  fisheries.  The  survey  of  the  Great 
Lakea  was  contiiLaed.  Dredging^  under  the  direction  of  Professor  Pat^- 
ard,  was  begun  on  the  off-shore  banks.  At  the  instance  of  the  American 
Fish  Gultnral  Association,  GongreBs  requested  the  Oommissioner  to 
take  charge  of  the  work  of  multiplying  valuable  food  fishes  throoghoat 
the  country.  Work  was  begun  on  the  shad,  salmon,  and  whitefish,  and 
the  eggs  of  the  European  salmon  were  imported.    ' 

1873. — The  summer  headquarters  were  fixed  at  Portland,  Me.  The 
opportnuitieB  for  research  were  greatly  increased  by  the  aid  of  the  Sec- 
retary of  the  Xavy,  who  granted  the  use  of  an  eighty-ton  steamer. 

E^lorations  in  the  outer  waters  between  Mount  Desert  and  Oapa 
Cod  were  carried  on  in  the  United  States  Coast  Survey  steamer  Baohe. 
Operationa  in  fish  culture  were  carried  on  upon  an  extensive  scale. 

1S74:-1875. — In  1874  the  zoologicid  work  centered  at  ^oank,  tJono. 
The  attempt  was  made  to  introduce  shad  into  Europe.  In  1876  the 
station  was  for  a  second  time  at  Wood's  fioll,  where  a  permanent  sea- 
side laboratory,  with  aquaria,  was  now  established.  The  number  of 
investigations  this  year  was  about  twenty.  The  increase  in  the  propa- 
gation work  was  proportionately  much  Wger. 

1876. — This  year  the  Commissioner  was  unable  to  take  the  field  fbr 
fishery  investigations,  having  been  instructed  to  exhibit,  in  connectioii 
with  the  Philadelphia  International  Exhibition,  the  methods  of  fish 
culture  and  the  American  fisheries.  Much,  however,  was  accomplished 
by  single  investigators  in  various  localities.  The  propagation  work 
continued.    This  year  the  first  carp  were  introduced  &om  Germany. 

1877. — The  field  of  investigation  was  resumed  at  Salem,  Mass.,  and 
later  at  Hali&x,  Nova  Scotia.  A  large  steamer  of  300  tons  made  deep- 
sea  research  possible.  The  Commissioner  and  his  staff  served  as  experts 
before  the  Halifax  Fishery  Commission.  The  propagating  work  was 
on  the  increase,  and  the  government  carp  ponds  were  established  in 
Washington. 

1878-1879. — In  1878  the  summer  station  was  at  Gloucester,  Mass. ;  in 
1879  at  Provinoetown.  These  centers  of  the  fishing  interests  were  se- 
lected that  more  attention  might  be  devoted  to  stodying  the  history, 
statistics  and  methods  of  the  sea  fisheries ;  a  plan  for  the  systematio 
investigation  which  seems  yearly  more  necessary  in  view  of  the  dissen- 
sions  between  the  governments  of  the  United  States  and  Great  Britain. 
In  1879  a  combination  was  formed  with  the  Superintendent  of  the  Traits 
Census,  by  which  the  Commissioner  was  enabled  to  carry  more  rapidly 
forward  ttds  branch  of  the  work.  Specialists  were  dispatched  to  all  parts 
of  the  country  to  study  the  biological,  statistical,  and  practical  aspects  of 
the  fisheries.    In  1878  ttie  breeding  of  cod  and  haddock  was  aooom- 
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plished  at  Gloaceeter.  In  1879  the  propagation  of  the  oyster  vaa 
accomplished,  by  oo-operation  with  tJie  Maryland  Commission  nnder  the 
direction  of  Miyor  Ferguson,  and  the  diatribntion  of  the  carp  throagh- 
ont  the  conntry  was  began. 

1880. — The  sammer  station  is  at  Newport,  B.  L  The  Meh  Hawk,  a 
steamer  of  484  tdns,  constraoted  expressly  for  the  work  of  the  Commis- 
sion, lies  at  the  wharf,  now  equipped  for  scientific  research,  later  to  be 
employed  in  the  propagation  i>f  sea  flsh,  such  as  the  cod  and  the  mack- 
erel. Over  fifty  investigators  are  in  the  field  in  the  service  of  the  Com- 
mission. The  season  was  opened  by  the  participation  of  the  Commission 
in  the  International  Exhibition  at  Berlin.  The  first  honor  prize,  the  gift 
of  the  Emperor  of  Germany,  was  awarded  to  Professor  Baird,  not  alone 
as  an  acknowledgment  that  the  display  of  the  United  States  was  the 
most  perfect  and  most  imposing,  bat  as  a  personal  tribute  to  one  who, 
in  the  words  of  the  President  of  the  Deutscher  Fisoherei  Verein,  is  re- 
garded in  Europe  as  "the  first  fishcultorist  in  the  world." 
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SPECIAL  REPORT  OF  THE  EXECUTIVE  COMMITTEE. 

FEESENTED  TO  THE  BOARD  OF  REGENTS  DECEMBER  6,  1B80, 


ZV>  the  Board  of  Segenta  of  the  BmithaonitM  Inttitutum : 

O-ENTLEMEN :  The  Boord  of  Begents  hf^  been  called  to  this  special 
meeting  at  the  request  of  the  Execntive  Committee  to  consider  two  sub- 
jects of  importance,  requiring  action  before  its  regular  annual  session. 
At  the  last  session  of<>ongre8s  the  following  act  was  passed : 


Be  it  enaeted  6jf  the  Smate  and  Souse  of  BepresentaHvea  of  the  United 
States  of  America  in  Congress  assembledf  That  the  Begraits  of  the  Smith- 
sonian Institntion  be,  and  axe  hereby,  aathorized  to  contract  with  W. 
W.  Story,  sculptor,  for  a  statae  in  bronze  of  Joseph  Henry,  late  Se^e- 
tary  of  th«  Smithsonian  Institation,  to  be  erected  npon  the  grounds  of 
said  Inadtation,  and  for  this  pnipose,  and  for  the  entire  expense  of  the 
foundation  fuid  pedestal  of  the  monament,  t^e  sum  of  fifteen  thousand 
dollars  is  hereby  appropriated  out  of  any  moneys  in  the  Treaanry  not 
o^Lerwise  appropriated. 

Approved  June  6, 1880. 

(Forty-sixth  CoDgress,  second  session,  chapter  116.) 

The  Secretary  of  the  Inetitation  immediately  informed  Mr.  Story  of 
this  action  of  Congress,  and  requested  his  views  on  the  salyect  and  in- 
fbrmation  as  to  his  acceptance  of  the  commission. 

This  correspondence  is  as  follows : 

"  Smithsoniait  Institution, 

"Washington,  J).  C,  Jvme  10, 1880. 
"  Sm:  A  bill  providing  for  the  erection  of  a  statue  of  Prof.  Joseph 
Henry,  late  Secretary  of  the  Smithsonian  Institution,  introduced  by 
Senator  Morrill,  has  become  a  law.  A  copy  of  this  is  herewith  inclosed. 
«As  you  will  see,  its  essential  points  are  the  provision  for  a  bronze 
statne  of  Professor  Henry,  to  be  placed  in  the  Smithsonian  grounds, 
and  that  the  total  cost,  including  expenses  for  the  pedestal,  &&,  shall 
not  exceed  tld,000. 

"  I  beg  to  inquire  whether  yoa  will  accept  the  commission  under 

these  conditions ;  and  presuming  that  yon  will,  I  forward  herewith  as 

fall  ft  series  of  photographs  of  the  UluBtrioas  deceased  as  can  be  snp- ' 
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plied  by  the  iDatilmtioD.   This  series  inclades  those  wluch  in  the  opinion 
of  Professor  Henry's  family  are  most  characteristic  likenesses. 

"I  shall  be  pleased  to  hare  &om  yon  any  commnnication  on  this  sub- 
ject, and,  if  possible,  designs  for  the  proposed  statue  and  pedestal,  for 
Gominnttioa.tion  to  the  Board  of  Begents  at  their  next  anunal  meeting 
in  Janoary,  18S1. 

t*Aa  this  Board  ia  to  decide  apoo  the  oonstmction  of  the  statne,  it 
will  not  be  possible  to  give  yoa  final  aathority  in  the  matter  until  the 
Board  shall  have  taken  atjtioa  thereon. 

"  I  am,  meanwhile,  very  truly  yours, 

"SPENCER  F.  BAIRD, 

"-Secreto*^. 
«  W.  W.  Stoet,  Esq., 

'^Ameruxm  Sculptor,  Rome,  Italy.  . 

Jjetter  of  Mr,  Story  to  Professor  Baird. 

"  Venice,  Jvly  15, 1880. 

"SiK:  I  have  jnst  received  your  letter  of  June  10,  informing  me  of  the 
bill  lately  passed  by  Congress,  by  which  the  Begeuts  of  the  Smithsonian 
Institution  ai'e  authorized  to  contract  with  me  for  a  statue  in  bronze  of 
tiie  late  Professor  Henry,  for  the  sum  of  $15,000,  including  the  founda- 
tion and  pedestal  of  the  monument,  and  asking  me  whether  I  will  accept 
this  commission. 

"Mr.  Senator  MorriU  had  already  communicated  to  me  this  entirely 
unexpected  and  agreeable  news.  Until  liis  communication  was  made, 
I  bad  no  notion  that  it  was  intended  to  erect  such  a  statue,  but  I  most 
willingly  accept  the  commission,  with  hearty  thanks  to  those  Mends 
who,  without  any  knowledge  on  my  part,  put  forward  my  name  as  the 
sculptor. 

"  My  recollections  of  Professor  Henry  are  in  every  way  most  pleasant. 
He  was  very  kind  to  me  wh§n  I  was  last  in  Washington,  and  it  will 
give  me  pleasure  to  do  all  in  my  power  to  make  a  statue  of  him  worthy 
oif  his  high  distinction  and  his  amiable  character. 

The  photographs  which  you  have  had  the  kindness  to  send  have  not 
yet  arrived,  but  I  have  little  doubt  that  they  will  supply  me  with  the  neces- 
sary material.  As  you  say  nothing  of  a  mask  in  plaster  from  the  face, 
I  suppose  none  was  taken.  This  I  greatly  regret,  as  it  would  furnish 
me,  in  connection  with  the  photographs,  the  absolute  fects  of  the  face, 
as  well  as  the  character  and  expression.  If  such  a  mask  was  taken,  or 
anything  was  ever  made  of  him  containing  the  exact  measures  of  his  face 
and  features,  I  should  be  most  glad  to  have  them,  If  any  bust  was  ever 
made,  however  bad,  it  would  be  of  use  to  me  in  determining  points  of 
size  and  measurement.  I  hope,  too,  there  may  be  among  the  photo- 
graphs some  one  or  more  in  profile,  or  at  least  three-quartera  face.  Do 
not  in  such  case  be  prevented  &om  sending  them  merely  because  they 
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are  bad  in  expression  or  otherwise.  What  I  want  is  fkcts,  and  tliemore 
I  can  liave  of  these  the  better.  They  will  not  lead  me  astray  as  to  ex- 
pression.- Small  facts  and  details  may  be  explained  in  one  which  are 
not  clearly  determined  in  another,  and  enable  me  to  make  the  head  mora 
living  and  tme. 

"  I  regret  to  hear  that  no  absolute  action  can  be  taken  by  the  Board 
before  January  1, 1881.  This  will  greatly  delay  the  execution  of  the 
statue,  to  which  I  was  intending  to  devote  myself  immediately  on  my 
return  to  Eome  in  October  or  November,  so  as  to  be  able  to  flnish  the 
model  this  winter.  But  if  all  final  arrangement  is  postponed  until  Jan- 
uary before  the  absolute  commission  can  be  given  and  the  contract 
made,  the  winter  will  have  passed,  and  the  execution  of  the  statue  will, 
I  fear,  be  necessarily  postponed  for  a  year,  as  it  is  impossible  for  me  to 
remain  in  Borne  and  execute  the  model  duringthe  summer  without  very 
great  inconvenience  and  difficnlty. 

"You  wish  me  to  send  you,  if  possible,  designs  for  the  proposed  statue 
.  and  pedestal,  for  communication  to  the  Boiu-d  of  Begents  at  their  an- 
nual meeting  in  January,  1881.  Of  course  I  can  do  this,  if  they  think  it 
advisable  or  necessary ;  but  I  must  frankly  say — I  hope  they  will  excuse 
me  in  so  saying,  as  no  kind  of  disrespect  is  intended,  or  want  of  confi- 
dence In  their  taste  and  judgment — that  I  think,  if  they  have  any  faith 
in  my  ability,  it  would  be  better  for  them  to  leave  the  conception  and 
execution  of  the  statue  entirely  to  me.  There  is  nothing  so  dangerous 
as  to  interfere  with  an  artist  in  his  design,  or  to  judge  of  it  and  criticise 
it  from  a  small  model.  The  freer  he  is,  the  more  responsible  he  feels, 
and,  if  he  has  real  ability,  the  less  he  is  tampered  with  and  directed,  the 
better  his  work  will  be.  If  he  has  not  the  requisite  ability  to  do  it  by 
himself,  he  should  better  not  do  it  at  all.  Ko  suggestions  by  any  com- 
mittee and  no  directions  and  alterations  wUl  ever  make  his  work  good. 
My  own  experience  has  been  that  this  divided  responsibility  and  design- 
ing has  almost  invariably  resulted  in  dissatisfaction  on  both  sides.  The 
artist  can  only  do  well  with  what  is  in  his  own  mind,  and  not  what  is  in 
the  mind  of  others,  and  my  own  judgment  is  that  he  does  far  better 
whenleft  to  himself,  always  provided  he  has  real  capacity  for  his  work. 
If  I  may  be  allowed  to  allude  to  my  own  personal  experience,  I  may  add 
that  in  the  case  of  almost  the  only  public  portrait  statue  of  mine  in 
America,  the  committee,  composed  of  gentlemen  of  high  taste  and  pre- 
tension to  artistic  culture,  after  rejecting  my  own  first  sketch,  said  in- 
sisting on  my  altering  the  attitude  and  arrangement  to  meet  their  views, 
contrary  to  my  notions,  were  finally  persuaded,  ^hen  the  work  was 
completed  and  it  was  too  late,  that  they  had  been  entirely  wrong  in 
dictating  these  changes,  aad  regretted  that  they  had  interfered.  Ifever- 
thelesB  they  threw  upon  me  the  responsibility  which  belonged  solely  to 
them.  I  made  their  statue  and  not  mine,  and  they  were  disappointed, 
as  I  toretold  that  they  wonld  be.    But  I  do  not  need  to  speak  of  my 
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own  personal  experience ;  the  experience  of  all  artists  is  the  same  on 
tiiis  point. 

"  However,  if  despite  this,  the  Board  desires  me  to  send  them  a  sketch 
I  can  do  so ;  bat  of  course,  as  I  have  stated,  this  will  delay  the  statue 
for  a  year,  and  I  cannot  see  the  advantage. 

"  In  fact,  I  have  already  made  a  sketch  of  the  statne  since  I  received 
Mr.  Morrill's  commimication.  But  I  doubt  whether  it  would  mean  as 
much  to  you  and  to  the  Board  of  Begents  a,s  it  does  to  me ;  whether  you 
w  onld  rightly  understand  it  in  its  roaglmess,  and  whether  you  would  not 
look  for  that  finish  which  no  £:«e  sketch  ought  to  have,  and  rather  look 
to  details  than  to  matters  and  balance  of  composition,  which  are  the  all 
in  all  of  a  sketch.  I  say  this  because  I  know  one  case  where  a  sketch 
was  rejected  because  the  likeness  in  the  face  was  not  striking,  as  if  any 
true  artist  would,  in  a  mere  sketch,  attempt  exact  portraiture  of  the  fa«e. 
It  would  be  equally  good  as  to  composition  and  design  with  no  face  at 
all,  if  it  had  the  just  movement. 

"You  say  nothing  as  to  details  of  the  commission,  or  the  size  of  the 
statue,  or  the  place  where  it  is  to  be  erected,  or  its  surroundings.  Is  it 
to  be  in  the  open  air,  or  under  cover  in  the  buildings  f  Is  its  back- 
ground trees,  sky,  or  building  1  All  these  are  very  important  consider- 
atJons  in  view  of  its  effect  and  of  its  size. 

"I  take  it  for  granted  that  the  pedestal  is  to  be  a  simple  one,  and  not 
to  have  illustrative  bas-relief^  or  figures,  inasmuch  as  the  sum  appro- 
priated for  the  whole  thing  is  less,  or  certainly  not  more,  than  what  is 
ordinarily  paid  for  a  statne  alone  without  pedestal  or  foundation.  I 
also  suppose  by  the  reading  of  the  act  of  Congress  that  this  sum  is  to 
cover  the  cost  of  the  statne  and  "the  entire  expense  of  the  foundation 
and  pedestal,"  and  this  is  alL  It  does  not,  as  I  understand  it,  include 
boxing,  transportation,  insnrance,  and  placing,  as  they  are  distinctly 
not  mentioned. 

"  Can  you  give  me  an  estimate  of  the  coat  of  making  the  foundation, 
and  approximate  price  of  a  simple  pedestal  executed  in  Washington,  in 
marble  or  ted  granite,  or  stone  of  any  appropriate  kind  f  This  would 
guide  me  in  determining  where  I  should  make  the  p^estal,  whether 
here  or  in  Washington,  and  of  what  material. 

**A8  to  the  sum  of  J15,000  appropriated  by  Congress,  does  interest  run 
apon  it  fh>m  the  date  of  the  enactment  f  In  regard  to  i)ayment  I  sup- 
pose yon  are  aware  that  the  ordinary  rule  is  to  advance  to  the  artist 
one-half  the  sum  when  the  commission  is  given,  or  the  work  commenced, 
to  enable  him  to  meet  the  necessary  outlay  and  expenses,  without  re- 
course to  his  own  pocket. 

"  I  mention  all  these  particulars  in  order  to  avoid  all  misunderstanding. 

"I  again  recur  to  the  question  of  time,  and 'I  earnestly  hope  that  it  will 
be  possible  fi)r  the  Board  of  Begents  to  arrange  definitely  this  whole  mat- 
ter at  a  mnch  earlier  period  than  that  mentioned  in  your  letter,  viz: 
Jannaiy  1, 1881,  as  it  will  involve  the  loss  of  a  year.    If  I  could  have 
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the  commission  and  authorization  to  commence  tbe  work  by  tbe  Ist  of 
October  or  Kovembcr,  I  could  finish  the  model  by  the  spring  and  imme- 
diately arrange  for  its  casting  in  bronze  during  the  summer  so  as  to 
have  it  ready  to  aend  to  Washington  by  the  1st  of  October  following 
(1881). 

"  I  suppose  that  the  Board  of  Begents  is  equally  interested  with  myself 
in  desiring  the  statue  to  be  finished  as  soon  as  possible,  and  if  they  will 
definitely  authorize  me  to  begin  the  model  by  the  Ist  of  November,  I 
cian  promise,  unless  some  nnforaeen  accident  occoxs,  to  finish  it  in  bronze 
by  the  Ist  of  January,  1882 ;  otherwise  I  fear  we  shall  have  to  put  it 
forward  to  January,  18S3. 

"  If  the  Board  of  Begents  have  faith  in  my  ability  and  will  trust  me  to 
follow  out  my  own  ideas  in  this  statue,  I  will  pledge  myself  to  do  my 
best  to  satisfy  myself  and  them,  and  to  spare  no  pains  to  give  them  a 
statue  worthy  of  the  subject,  worthy  of  the  place,  and  satisfactory  to 
the  fkmily,  firiends,  and  admirers  of  Professor  Henry. 

"You  must  not  expect  too  much.  The  male  costume  of  the  present 
day  is  crude,  graceless,  and  thoroughly  nnsculptural.  But  I  will  do 
what  I  can  to  hide  its  awkwardness  and  ngliness  without  falsi^ng 
truth  and  fiict,  and  endeavor  to  render  the  statue  serious  and  dignified 
and  natural.  I  suppose  that  Professor  Henry  had  no  academic  costume, 
and  that  there  is  no  peculiar  professional  dress  in  which  he  could  be 
represented.  If  there  be,  and  the  Board  of  Begents  is  willing  that  I 
should  clothe  the  statue  in  such  a  dress,  I  should  most  gladly  do  it. 
Then  I  should  be  able  to  drape  him  in  some  way  at  once  dignified  and 
true  to  &£t.  The  academic  costume  could  be  treated  so  as  to  make  an 
imposing  statue.  lu  such  case,  would  you  have  the  kindness  to  forward 
to  me  the  dress,  that  I  may  use  it  to  model  £rom  1  The  sUk  academic 
robes  would  be  admirable  and  advisable,  but  I  scarcely  dare  to  hope 
that  he  wore  one,  or  that  I  may  use  it.  What  did  he  weart  If  this 
academic  dress  is  out  of  the  question,  what  may  I  represent  him  inl 
Did  he  wear  a  cloak  1 

"The  sketch  I  have  made  representahim  as  in  a  buttoned  frock-coat, 
over  which  is  a>loo3e  open  sack ;  it  is  in  the  attitude  of  meditation ;  his 
head  bent  slightly  forwards,  looking  down,  one  hand  resting  on  a  desk 
or  stand  at  his  side,  by  which  to  break  the  horrible  uniformity  of  the  two 
legs  of  pantaloons,  and  give  Inreadth  and  dignity  to  the  base,  and  one 
hand  across  the  breast  midway,  at  the  place  of  the  upper  button  of  the 
buttoned  coat;  on  the  stand  are  books  on  which  his  left  hand  is  placed. 
On  the  whole,  those  who  have  seen  it,  think  it  simple,  dignified,  and 
thoughtful.  •  If  it  is  to  be  made  in  coat  and  trousers,  I  doubt  if  I  could 
do  better,  but  I  shall  think  it  over  and  make  other  sketches. 

"  Will  yon  be  kind  enough  to  send  me  any  memoir  that  may  exist  of 
Professor  Henry,  so  that  I  may  have  a  more  thorough  knowledge  of  his 
character  and  servic^e  and  labors  thtm  I  now  have.    I  beg  you  not  to 
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i<a-get  this,  as  it  will  greatly  asfdst  me  in  determiiiiDg  the  exact  (dtaracter 
to  'be  given  to  the  statue. 

"I  have  written  yoa  avery  long  letter  inthe  hope  of  clearing  the  way 
of  all  obstacles,  and  of  letting  yoa  nnderstaud  exactly  what  my  viewg 
and  wishes  are. 

"Yours,  fklthftiUy, 

«W.  W.  STOEr." 

Daring  the  recess  of  Congress  It  was  found  impracticable  to  call  a 
meeting  of  the  Begenta,  bat  their  views  were  asked  individually  by  the 
Secretary  as  to  the  power  of  the  Executive  Committee  to  make  a  formtd 
contract  with  the  artist  and  enable  him  to  go  on  with  the  work. 

The  opinion  of  the  majority  was  that  this  power  could  be  exercised 
by  the  Executive  Committee.  A  meeting  was  therefore  called  of  this 
Committee  on  the  13th  of  November,  IS^,  when  the  subject  was  folly 
considered  and  the  following  action  taken : 

"Besolved,  That  the  Secretary  of  the  Smithsonian  bistitution  inform 
Mr.  Story'  that  the  Executive  Committee  authorize  him  to  proceed  in 
the  executiou  of  the  bronze  statae  ordered  by  Congress  June  1, 1880, 
according  to  his  own  plan  and  designs,  but  that  this  Committee  Is  not 
empowered  to  make  a  formal  contract  for  this  purpose,  althongh  war- 
ranted in  such  action  by  the  individual  expressions  of  Regents  as  con- 
tained in  letters  received  by  the  Secretary. 

"Bmolvedy  That  a  special  meeting  of  the  Begents  be  called  ou  tlie  8th 
of  December,  1880,  to  consider  the  subject,  and  if  the  action  of  the  Ex- 
ecative  Committee  is  not  confirmed,  a  cable  message  be  immediately 
sent  to  Mr.  Story,  and,  if  approved,  a  contract  in  due  form  be  made  out 
and  transmitted  to  him." 

This  action  of  the  Committee  was  communicated  to  Mr.  Story  by  the 
Secretary  on  the  13th  of  November. 

Another  subject  demanding  the  consideration  of  the  Board  has  been 
presented  to  the  Executive  Committee. 

A  conmtittee  of  citizens  of  Washington  having  presented  a  request 
for  the  use  of  the  new  National  Museum  building  for  a  reception  to  the 
President  of  the  United  States  elect,  on  the  ith  of  March  next,  after  a 
fiill  consideratiou  of  the  subject,  in  view  of  the  fact  that  the  building  is 
anfinished  and  not  yet  occupied  as  a  Museum,  and  that  such  a  contin- 
gency would  iU)t  again  occur  and  would  not  therefore  fhmish  a  prece- 
dent ;  in  view  also  of  the  &ot  that  the  expense  of  erecting  a  saitable 
boilding  would  be  very  great  and  unnecessary,  and,  moreover,  that  the 
President  elect  is  and  has  been  for  many  years  a  member  of  the  Board 
of  Begeats,  whose  aid  and  influence  contributed  materially  to  the  erec- 
tion of  the  new  Museum,  the  Committee  adopted  the  following : 

"  Whereas  an  application  has  been  received  &om  a  committee  of  citi- 
zens for  the  use  of  the  tmfluished  building  of  the  National  Museam,  fbr 
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the  purpose  of  a  pablic  reoeptioo  to  the  Piesidetit  elect,  Hon.  James  A. 
Garfield,  on  the  evening  of  Uie  4th  of  March  next }  therefore, 

"Seiolved,  That  the  Execative  Committee  snbmit  this  application  to 
the  Board  of  Begents  at  its  next  meeting,  with  its  approval  and  with 
the  recommendation  that  the  request  be  granted." 

The  Committee  forl^rmore  make  the  following  statement : 

The  new  ITational  Museum  building  has  been  sabstautially  com- 
pleted and  made  ready  for  occupancy  within  the  appropriations  by  Con- 
gress. A  detaOed  account  of  the  history  of  operations  of  its  construc- 
tion will  be  presented  at  the  annual  meeting  of  the  Board  in  January 
next. 

The  Building  Gommissiou  has  re&aiued  firom  completing  the  floors  of 
the  rotunda  and  large  halls  or  naves  aocording  to  the  original  plans, 
which  provided  only  for  concrete  and  cement,  on  account  of  the  remon- 
strances of  prominent  members  of  Congress,  who  urged  that  such  floors 
were  unsuitable  to,  and  unworthy  of,  so  fine  a  building,  and  their  assur- 
ances that  appropriations  would  doubtless  be  made  at  the  approaching 
session  of  Congress  for  marble  or  tile  floors  for  these  halls. 

The  Committee  report  that  provision  has  been  made  so  that  thefloors 
of  the  rotunda  and  four  naves  leading  to  the  main  entrance  of  the  build- 
ing may  be  laid  in  marble  or  tile  instead  of  cement,  and  that  if  an  ap- 
propriation of  $25,000  be  made  immediately,  the  building  will  be  ready 
fi>r  the  reception  of  the  President  on  the  4th  of  March  next,  fully  adapted 
and  provided  with  heat,  light,  and  all  the  faculties  required  for  the  oo-  ' 
oasion. 

Ea  conclusion,  the  Gouunittee  respectfully  submit  the  following  reso- 
Intions  to  the  Board  for  adoption  : 

'^Besohed,  That  the  Chancellor  and  Secretary  of  the  Smithsooian  la- 
stitute  execute  a  contract  with  Mr.  W,  W.  Story,  of  Borne,  for  the  statue 
in  bronze  of  the  late  Prof.  Joseph  Henry,  authorized  by  the  act  of 
Congress  of  June  1, 1880,  with  the  provision  for  payment  of  the  sum  of 
(3,750  to  Mr.  Story  on  completion  of  his  design  for  the  statue ;  the  sum 
of  $3,750  on  completion  of  the  model  in  clay ;  the  sum  of  $3,750  on  com- 
pletion of  the  statue  in  bronze ;  and  the  sum  of  $3,750  on  delivery  and 
erection  of  the  statue  with  its  pedestal  in  the  city  of  Washington,  on 
the  grounds  of  tbe  Smithsonian  Institution,  and  forth^Tnore  ttiat  Mr. 
Story  shall  cause  the  said  statue  to  be  insured  for  the  ampaut  of  the  ad- 
vance payments  to  him,  against  perllsby  lahd  or  by  sea,  which  insur- 
ance shall,  in  case  of  loss,  be  paid  to  the  Smithsonian  Institution  for  the 
heae&t  of  the  United  States. 

"Eeaolved,  That  for  the  purpose  of  substituting  a  marble  or  tile  floor- 
ing, instead  of  concrete,  as  originally  designed,  for  the  large  halls  in  the 
Ifational  Museum,  an  appropriation  of  twenty-five  thousand  dollars  be 
requested  of  Congress,  to  be  expended  according  to  the  plans  and  under 
the  direction  of  the  building  commission  of  the  Board  of  Begents  of  the 
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Smithsonian  Institation,  under  whose  snperviBion  the  Masenm  has  heen 
erected. 

"Besolved,  That  the  use  of  the  new  Katieoal  Mnseom  building  be 
granted  for  the  inaugural  reception  of  the  President  of  the  United  States 
on  the  4th  of  March,  1881,  and^  that  the  Secretary  be  authorized  to 
make  all  neceasary  arrangementB  for  this  porpoae." 
BespectfiiUy  sabmitted. 

PETER  PARKER) 
W.  T.  SHERMAN, 
Executive  Oommittee. 
WABHiNaTON,  8th  December,  1880. 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OP 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION  FOR  THE 
YEAR  1880. 

The  Gxecdtive  Committee  of  the  Board  of  Begenta  of  the  Smithsonian 
InstitatioQ  respectfully  submit  the  following  report  in  relation  to  the 
fiinds  of  the  Inatitntion,  the  appropriations  by  Congress  for  the  National 
Masenm  and  other  purposes,  the  receipts  and  expenditures  for  both 
the  Institution  and  the  Museum  for  1880,  and  the  estimates  for  the 
year  1881. 

,    CondiUon  of  the  funds  January  1, 1881. 

The  amount  originally  received  as  the  bequest 
of  James  Smithson,  of  England,  deposited 
in  the  Treasury  of  the  United  States,  in 
accordance  with  the  act  of  Congress  o£ 
August  10, 1846 $515,169  00 

The  residuary  legacy  of  Smithson,  received 
in  1865,  added  to  the  fund,  by  authority  of 
Congress,  February  8,  1867 26, 210  63 

Amount  added  to  the  fund,  derived  from  sav- 
ings, &c.,  by  authority  of  Congress,  Febru- 
ary 8, 1867  108,620  37 

$650, 000  00 

Amount  added  to  the  flind  from  the  bequest 

of  James  Hamilton,  of  Pennsylvania,  1874 .        1, 000  00 

Amount  added  to  the  fund  from  the  bequest 

of  Dr.  Simeon  Habel,  1880 600  00 

1,600  00 


Total  permanent  Smithson  fund  in  the  Treasury  of  the 
United  States  bearing  interest  at  6  per  cent,,  payable 
semi-annually , 651, 600  00 

In  addition  to  the  above  the  Institution  has  invested  in 
Virginia  bonds  and  ceriiflcates  $88,125.20,  valued  Janu- 
ary 1, 1881,  at 47,000  00 

Also  the  cash  balance  in  the  United  States  Treasurer's 
hands  January  1, 1881 20,031  52 

Total  Smitlison  funds  January  1, 1881 (719,434  62 

"»  u,j.,..u,L.ooglc 
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The  foUqwing  is  a  statement  of  the  receipts  and  expenditnres  for  the 
year  1880: 

BEOBIPTS. 

Interest  on  $650,000  for  the  year  1880,  at  6  per  cent $39, 000  00 

Interest  on  Virginia  bonds,  sale  of  coapons  by  Eiggs  &  Co. 
for  January  1  and  July  1,  1880,  for  |3,522  (November, 

27, 1880),  less  commission 3,239  76 

Interest  on  Hamilton  fnnd  of  $1,000  for  the  year  1880 60  00 

Interest  on  the  Habel  fiind  of  $500  ffcom  March  16, 1880,  to 

December  31, 1880 ' .  23  88 


42,  323  64 
Balance  on  hand  at  the  beginning  of  1880 20,894  06 


Total  for  1880 63,217  ', 

SI^PEN  VtTU  BBS, 

Boildings : 

Bepairs  and  improvementa $1,722  71 

Fomitnre  and  flztores 369  15 


General  expenses : 

Meetings  of  the  Board 327  25 

liighting  the  building 29  15 

Heating  the  building 672  11 

Postage  and  telegraphing 324  74 

Stationery 888  07 

Incidentals,  blanks,  hauling,  &c ■ 863  76 

Salaries 12,700  00 

lirtra  clerk  hire  and  labor 295  00 

Books  and  periodicals 889  71 


Pnblications  and  researches : 

Smithsonian  Coutribntions  5, 358  96 

Smithsonian  Miscellaneoua  Collections 4, 844  66 

Smithsonian  annual  reports 731  66 

Bcsearohes 400  44 

ExpForatJons 1,191  69 

Laboratory 194  68 

12,721  98 

Exchanges : 
Literary  and  scientific 9, 996  05 

Grallery  of  art: 
Purchase  of  articles 93  60 

Increase  of  the  permanent  fiind : 
Deposited  in  United  States  Treasury  as  Habel  begnest 500  00 

Total  espenditnres 42,283  18 

Balance  on  hand  in  Treasury  of  the  United  States  January 

1,1881 20,934  62 
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VIEGIMIA  STOCK. 

The  Institution  owne  the  following  bonds  and  certiflcat«s : 
Consolidated  bonds : 
58  bonds,  Nos.  11621  to  U678  inclusive,  for  $1,000 
each. $58,000  00 

1  bond,  No.  1380,  for 500  00 

2  bonds,  Nos.  4191  and  4192,  for  $100  each  ....  200  00 

— , $58, 700  00 

These  are  deposited  with  the  Treasnrer  of  the  United 
States. 

Deferred  certificates : 

1  certiflcat*,  No.  4643 29,376  07 

1  certificate,  No.  3969 60  13 

29,425  20 

These  are  deposited  with  Eiggs  &  Co. 
Total  par  value  ofVirginia  securities 88,125  20 

The  estimated  value  of  which  by  Eiggs  &  Co.  JanuMy  1, 

1881,  is  47,000  00 

The  coupons  on  the  con«iolidated  bonds  are  receivable  for  taxes  in 

Virginia,  and  were  sold  for  the  Institution  by  Eiggs  &  Co.  November  27, 

1880,  viz,  $3,522  at  an  average  of  92,  yielding  $3,239.76.    (8ee  Eeceipts.) 
It  is  gratifying  to  notice  the  improvement  of  the  Virginia  securities, 

the  increased  value  of  those  held  by  the  Institution  being  $16,910  since 

the  report  of  the  committee  last  year. 

HAMILTON  BEQUEST. 

The  Institution  derived  from  the  beqaeat  of  James  Hamilton,  of  Oar- 
lisle,  Pa.,  February  24, 1874,  one  thousand  dollars,  the  interest  on  which 
is  to  be  appropriated  biennially  for  the  promotion  of  science.  The  prin- 
cipal is  deposited  in  the  Treasury  of  the  TTnitfid  States  as  an  addition  to 
the  permanent  Smithson  fund.  The  interest  received  on  this  fund  dur- 
ing 1880,*wa3  $60. 

HABEL  BEQUEST. 

Among  the  receipts  for  the  year  1879  was  a  bequest  of  $402.69,  by 
Dr.  Simeon  Habel,  of  New  York.  With  the  sanction  of  the  Executive 
Committee,  the  Secretary  added  to  this  sum  $97.41  from  the  annual  in- 
come of  the  Institution  to  increase  it  to  $500,  and  this  was  deposited  in 
the  United  States  Treasury  as  a  part  of  the  Smithson  fund,  to  be  known 
as  the  Habel  bequest.  This  deposit  was  made  on  the  15th  of  March, 
1880,  the  interest  on  which  to  the  end  of  the  year  was  $23.88,  aa  specified 
in  the  receipts.  ^^^^  ^  ^  ^  ^^  L-oot^lc 
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E8TIMATZB  FOB  1881. 

The  fidlowing  are  the  estimateB  of  receipts  by  the  Institatioa  for  the 
year  1881,  and  of  the  expenditnree  required  for  carrying  on  its  operations 
daring  the  same  period : 

BBCBIPTS. 

Interest  on  the  permanent  Smithson  fimd  re- 
ceivable Jaly  1, 1881,  and  Jannaiy  1, 1882. .  $39, 000  00 

Interest  on  the  Hamilton  fimd 60  00 

Interest  on  the  Habet  fond 30  00 

Sale  of  Virginia  coapons,  dae  Janaary  1  and 
Jnly  1,1881 3,000  00 

J43,090  00 

BXPSamiXUBEB. 

For  bnilding $2, 000  00 

For  salaries 12,700  00 

For  general  expenses  other  than  salaries 1,300  00 

For  publications  and  researches 14, 000  00 

For  exchanges 10,000  00 

For  books  and  apparatus 1,000  00 

For  contingencies 1, 090  00 

$43,090  00 

hatioitai.  MnsBHu  asd  objeotb  cohuittsd  by  ooiraBBSS  lo  the 

8HITHB0SIAK.. 

The  fidlowlng  appropriations  veie  made  by  Oongress  in  1880,  for  dis- 
bnrsal  nnder  the  direction  of  the  Smithsonian  Institation : 
Preservation  of  coUecHons,  Smiihsonian  Institution:  "For 
preservation  and  care  of  the  collections  of  the  snrreying 
imd  e^loring  e'xpeditions  of  the  government  and  the  ob- 
jects presented  to  the  United  States  at  the  International 
Exposition  of  1876."  (Forty-sixtli  Congress,  second  ses- 
sion, chapter  235j  1880) $45,000  OO' 

Balance  available  January  1, 1881,  $23,273.17. 
Preservation  Iff  eoUeetions,  SmiiAsonian  InsHtuHon — Armory 
Building :  "  For  expense  of  vatdiing,  care,  and  storage 
of  artides  belonging  to  the  United  States,  including  those 
tzanaferred  &om  the  bitemational  Exhibition  of  1876, 
mA  for  transfer  to  the  nev  National  Masemn."    (Forty- 
sixth  Congiess,  second  session,  chapter  235;  1880) ....        2,000  00 
Balance  avaaable,  $1,366.05. 
S.  Mis.  31 11 
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For  furniture  and  fixtures,  Xational  Muaeum:  "For  cases, 

-  fomittire,  and  ftzturea  for  the  reception,  care,  and  exhibi- 
tion of  the  collections  of  geology,  mineralogy,  ethnology, 
technology,  and  natural  history,  presented  to  the  govern- 
ment by  foreign  nations."  ,  (Forty-sixth  Oongrees,  second 

session,  chapter  233;  1880) (60,000  00 

Balance  available,  $14,251.07. 

"  For  a  steam-heating  apparatas  and  for  fuel :  to  be  im- 
mediate^ available."   (Forty-sixth  Congress,  second  sea-  ' 
sion,  chapter  236;  1880) 25,000  00 

"  For  water,  gas  flztnres,  and  electrical  appaiatns,  to  be 
immediately  available."     (Forty-sixth  Congress,  second 

session,  (diapter  236;  1880) 13,600  00 

Balance  available,  $5,050.33. 

"For  constmctjon  of  relieving  sewer,  with  the  necessary 
manholes  and  traps  from  the  new  ^National  Moseam 
building  to  the  Seventh  street  sewer."    (Forty-sixth 

Congress,  second  session,  chapter  236;  1880) 1,000  00 

So  portion  expended. 

"For  the  purpose  of  coutinning  ethnologic  researches 
among  the  North  American  tadiaus  under  the  direction 
of  the  Secretary  of  the  Smithsonian  Institution."  (Forty- 
sixth  Congress,  second  session,  chapter  235;  1880) 20,000  00 

Balance  available,  t7,308.;i2. 

"  For  completing  the  preparation,  with  the  necessary  illus- 
trations, of  the  report  of  Dr.  Emil  Bessels,  of  the  sden- 
tiflc  restilts  of  the  Arctic  expedition  under  the  late  Capt. 
C.  F.  Hall,  to  be  expended  under  the  control  of  the  Smith- 
sonian Institution.''  (Forty-sixth  Congress,  second  ses- 
sion, chapter  234;  1880) 8, 000  00 

Balance  available,  $6,183.66. 

COKOLUBION. 

The  Executive  Committee  has  examined  682  vouchers  for  payments 
made  £rom  the  Smithson  income  during  the  year  1880,  and  791  vonchers 
for  p^^ments  made  firom  appropriations  by  Congress  for  the  Kational 
Mosenm,  making  a  total  of  1,473  vouchers.  All  these  bear  the  approval 
of  the  Secretary  of  the  Institution  and  a  certificate  that  the  materials 
and  services  charged  were  applied  to  the  pnrposes  of  the  Institntion  or 
the  Moseam. 

The  Committee  has  examined  the  acooont-books  of  the  National 
Mosenm,  and  find  the  balances  remaining  on  hand  as  before  stat«d,  viz: 
"Preservation  of  collections,"  $23,273.17;  "Armory  boUding,''«l,366Ji9; 
"Fomitore  and  fixtores,"  $44,!}51.07,  to  correspond  with  the  certificate 
of  the  difiborsiug  clerk  of  the  Department  of  the  Interior,  and  the  li 
ance  for  "fire-proof  building  for  Kational  Museum,"  $5,050.33,  "Pal ' 
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S6,  to  correspond  with  tlie  certificates  of  the  disbursiiig 
easory  Bepartmrait. 

accoants-cmreiLt,  bank-book,  ckeck-book,  and  journals 
Bn  examined  and  found  to  be  correct, 
the  credit  of  the  Inatitntion  proper,  on  the  1st  of  Jan- 
hands  of  the  Treasure  of  the  United  States,  available 
orations  of  the  Inatitntion,  is  $20,934.52. 
bmitted. 

PETEB  PAItKEE, 
W.  T.  SHBBMAlif, 
JOHN  MACLEAN, 
Executive  Comtnitteej  Smithaonian  Inttititiion. 
■nuary  18, 1881. 
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JOURNAL  OF  PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  OF 
THE  SMITHSONIAN  INSTITUTION. 


WASHraOTOS,  Jkcmber  8, 1880. 

A  meednff  oFtibe  Board  of  Begents  of  the  SmitlLSODiao  Institation  was 
held  this  day  at  10.30  o^clook  Sfi  the  Begents'  room  of  Qie  Institntion. 

Present:  The  Chancellor,  Chief  Justice  Waite;  Hon.  W.  A.  Wheeler, 
'nce-Prosident'of  the  United  States;  Hon.  H.  Hamlin,  Hon.  B.  E. 
Withers,  Hon.  N.  Booth,  Hon.  H.  Olymer,  Hon.  Joseph  E.  Johnston, 
Hon.  Peter  Parker,  Oenerf|>l  William  T.  Sherman,  Prof.  H.  Copp^  and 
Professor  Baird,  Secretary. 

The  Chancellor  stated  that  this  was  a  special  meeting  of  the  Board 
called  at  the  reqnest  of  the  ExecntiTe  Comn\ittee.  A  report  of  this 
committee  vras  presented  by  the  chairman,  Dr.  Parker. 

After  a  fiill  discossion  of  the  snbjects  presented  in  the  report,  the 
tbUowing  resolntions  were  nnanimonsly  adopted. 

(In  leference  to  the  statne  of  Professor  Henry.) 

Beaolved,  That  the  Chancellor  and  Secretary  of  the  Smithsonian  In- 
stitntion execute  a  contract  with  Mr.  W.  W.  Story,  of  Bome,  for  the 
statae  in  bronze  of  the  late  Prof.  Joseph  Henry,  authorized  by  the  act 
of  Congress  of  June,  1, 1880,  with  the  proTlsions  for  payment  of  the 
snm  of  $3,750  to  Mr.  Btory  on  completion  of  his  design  for  the  statne; 
the  sum  of  $3,760  on  completion  of  the  model  in  day ;  the  sum  of  $3,750 
on  completion  of  the  statne  in  bronze;  and  the  snm  of  $3,760  on  deliv- 
ery and  erection  of  the,  statne  with  its  pedestal  in  the  city  of  Washing- 
ton, on  the  site  to  be  selected  by  the  Executive  Committee ;  and  fur- 
thermore that  Mr.  Story  shall  cause  the  said  statne  to  be  insured  for 
the  amount  of  the  advance  payments  to  him  against  penis  by  land  or 
by  sea,  which  Insorance  shall.  In  case  of  loss,  be  paid  to  the  Smith- 
sonian Institution,  for  the  benefit  of  the  United  States. 

(In  reference  to  the  new  Museum  boilding.) 

Betolved,  That  for  the  purpose  of  substituting  a  marble  or  tile  floor- 
ing instead  of  con<3«te  as  originally  designed  for  the  large  halls  in  the 
National  Mnsenm,  an  appropriation  of  $25,000  be  requested  of  Congress, 
to  be  expended  according  to  the  plans  and  under  the  direction  of  the 
Building  Commission  of  the  Board  of  Begents  of  the  Smithsonian  In- 
stitntion, under  whose  sapervision  the  Mnsenm  has  been  constmcted. 

(In  reference  to  the  nse  of  the  new  Mnseam  for  the  inaugnral  recep* 
tion.) 

Wliereas  the  new  Museum  boilding  is  nnfiuished  and  not  ready  for 
occupancy  for  the  government  collections,  and  such  a  contingency  will 
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not  agsan  ocoar,  and  that  no  precedent  is  fjo  be  given  for  tlie  nae  of  the 
building  for  other  purposes : 

Besolved,  That  the  nae  of  the  new^  National  Maseam  building  be 
granted  for  the  inangnral  reception  of  the  President  of  the  United 
States,  on  the  4th  of  Maxch,  1881,  and  that  Ote  Secretajy  of  the  Smith- 
sonian Institution  be  authorized  to  make  all  necessaiy  anasgements 
for  this  purpose, 

The  Board  then  a^onmed,  at  12:30  p.  m. 

Wabhikgton,  January  19, 1881. 

In  accordance  with  a  resolution  of  the  Board  of  Begents  of  the  Smith- 
sonlaD  Institation  fixing  the  time  of  the  beginning  of  the  annual  session 
on  the  third  Wednesday  in  January  of  each  year,  the  Board  met  to-day 
at  10:36  o'clock,  A.  m. 

Present:  The  Chancellor,  Chief  Justice  M.  B.  Waite;  the  Vice-Presi- 
dent of  the  United  States,  Hon.  W.  A.  Wheeler;  Hon.  B.  E.  Withers, 
Hon.  H.  Clymer,  Geuertd  W.  T.  Sherman,  Hon.  Peter  Parker,  Bev.  Dr. 
John  Maclean,  Dr.  Henry  Copp^e,  Dr.  Koah  Porter,  and  the  Secretary, 
Professor  Baird. 

JBscusea  for  absence  on  account  of  sickness  were  received  £rom  Hon. 
Hannibal  Handin  and  Hon.  Newton  Booth.  The  minutes  of  the  last 
meeting  were  read  and  approved.  The  Secretary  presented  a  statement ' 
of  the  finances  of  the  Institution. 

Dr.  Parker,  Chairman  of  the  Executive  Committee,  presented  the  an- 
nual report  of  the  Committee,  which  was  read. 

On  motion  of  Dr.  Porter  the  following  resolutions  were  adopted: 

Besolved,  That  the  report  of  the  Executive  Committee  for  1880  be  ac- 
cepted. 

Resolved,  That  the  income  for  the  year  1881  be  appropriated  for  the 
service  of  the  Institution  upon  the  basis  of  the  above  report,  to  be  ex- 
pended by  the  Secretary  with  full  discretion  as  to  the  items,  subject  to 
the  approval  of  the  Executive  Committee. 

General  Sherman,  Chairman  of  the  I^atioual  Musenm  Building  Com- 
mtsaiou,  presented  a  report  of  the  operations  of  the  Commission  and  of 
the  Ardiitects  for  the  year  1880,  which  were  read,  and,  on  motion  of  Mr. 
Clymer,  accepted. 

The  Secretary  stated  that  he  had  been  informed  by  the  American 
Consul  at  Genoa,  Italy,  that  the  comer-posts  of  the  railing  around  the 
tomb  of  James  Smithson  required  resetting  and  the  fence  straightening, 
and  he  asked  authority  to  have  this  done. 

On  motion  of  General  Sherman  it  was 

Besohed,  That  suitable  measures  be  taken  by  the  Secretary  for  the 
repair  and  preservation  of  the  tomb  of  Smithson  and  its  indosnre. 

The  Secretary  presented  his  annual  report  of  the  operations,  expendi- 
tares,  and  conditiou  of  the  Institution  for  the  year  1880,  which  was  read 
'  in  part. 
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On  motion  of  General  ShennaiL  it  iras 

Resolved,  That  the  annual  report  of  the  Secretary  be  accepted  and 
transmitted  to  Congress. 

Dr.  Copp6e  offered  the  following  resolution,  which  was  adopted. 

Resolved,  That  the  thanks  of  the  Board  of  Begents  are  due  and  are 
hereby  presented  to  Mr.  William  J.  Rhees,  the  OMef  Clerk  of  the  Insti- 
tation,  for  the  excellent,  accorate,  and  interesting  manner  in  which, 
ander  the  direction  of  the  Secretary,  he  has  collated  and  edited  the 
volnmes  entitled,  respectively, 

1.  "The  Smithsonian  lostitation;  dooaments  relative  to  its  origin  and 
history." 

2.  "Journals  ofthe  Board  of  Regents,  reports  of  Committees,  Statig- 
tjca,  Aic."  ' 

3.  "The  Scientific  Writings  of  James  Smithson." 

4.  "James  Smithson  and  his  bequest." 

Hon.  Mr,  Withers  made  a  statement,  by  reqnest,  in  regard  to  the  Vir- 
ginia securities,  and  on  motion  of  Mr.  Clymer  it  was 

Resolved,  That  the  Executive  Committee  may  at  their  discretion 
dispose  of  the  Virginia  secnrities  owned  by  the  Institution,  to  wit:  58 
consolidated  bonds,  ITos.  11621  to  11578,  inclusive,  for  $1,000  each;  1 
consolidated  bond,  No.  1380,  for  (oOO;  2  consolidated  bonds,  Nos.  1191 
'  and  4192,  for  $100  each;  1  deferred  certificate,  ]^o.  4543,  dated  July  1, 
1871,  for  $29,375.07,  and  1  fractional  certificate.  No.  2969,  dated  July  1, 
1871,  for  $60.13;  and  deposit  the  proceeds  in  the  Treasury  of  the  United 
States  as  a  part  of  tdie  permanent  fund,  as  authorized  by  the  act  of  Con- 
gress of  February  8, 1867. 

Resolved,  That  Spencer  F.  Baird,  Secretary  of  the  Smithsonian  Insti- 
tution, be,  and  he  is  hereby,  autiiorized,  in  person  or  by  attorney,  to 
transfer  to  any  person  or  persons  the  certificates  of  debt  of  the  State  of 
Virginia  now  standing  in  the  name  of  the  Begents  of  the  Smithsonian 
Institution,  to  wit:  Deferred  certificate,  No.  4643,  dated  July  1,  1871, 
for  $29,375.07,  and  fra<}tional  certificate.  No.  2969,  dated  Jnly  1, 1871, 
for  $50.13. 

The  Secretary  stated  that  several  applications  had  been  received  for 
"the  use  of  the  new  Museum  after  the  inauguration  of  the  President  on 
the  4th  of  March  next,  which  had  been  referred  to  the  Executive  Com- 
mittee. 

The  point  of  order  was  raised  that  the  applications  could  not  be 
•entertained,  the  Board  having  already  decided  that  the  use  of  the  build- 
ing was  to  be  granted  only  for  the  inaugural  reception  of  President 
Qarfleld. 

The  point  of  order  was  suBtaiued  by  the  Clianedlor. 

The  Board  adjourned  at  12:30  p.  m.,  sine  die. 
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REPORT  OF  THE  NATIONAL  MUSEUM  BUILDING  COMMISSION 
FOR  1880. 


WASHINGTOir,  D.  C,  January  15, 1881. 
To  the  Board  of  Regents  of  the  Smithsonian  Institution : 

OtESTississR :  At  your  annaal  meettng  od  the  19th  of  last  Jannary, 
the  Kational  Mnseom  Bailding  Gommission  submitted  a  report  of  opera- 
tiona  in  connection  with  the  new  bnilding  for  the  ^National  Museum,  from 
their  inception  to  the  close  of  1879. 

In  that  report  attention  was  called  fo  the  necessity  for  increased 
accommodations  t(lr  the  national  colleetiona  in  charge  of  the  Smithsonian 
Institution;  to  the  endeavors  of  your  Board  in  previous  years  to  obtain 
from  Congress  an  appropriation  for  the  same,  and  to  their  final  success 
in  1879  in  securing  an  appropriation  of  $250,000  for  the  purpose. 

Mention  was  also  made  that  the  Executive  Committee  of  the  Board  of 
Regents  and  the  Secretaryof  the  Institution,  who  are  charged  by  resolu- 
tion of  the  Board  of  January  17, 1879,  witii  the  duty  of  "  carrying  into 
effect  the  provisions  of  any  aet  of  Congress  that  might  (may)  be  passed 
providing  for  the  erection  of  a  building  for  the  National  Museum,"  had 
organized  under  the  title  of  "  National  Museum  Building  Commission." 

Also,  you  were  informed  of  the  action  of  the  Commission  in  early 
adopting  snch  measures  as  appeared  to  it  beat  calculated  to  realize  with 
the  least  possible  delay  the  intention  of  Congress  in  making  provision 
for  a  new  building;  of  the  employment  of  Messrs.  Oluss  &  Schuize  as 
superintending  architects;  of  the  acceptance  by  General  Meigs  of  the 
invitation  of  the  Commission  to  act  as  its  consulting  engineer;  and  of 
the  opinions  of  Mr.  Edward  Clarh,  Architect  of  the  Capitol,  aud  General 
Meigs  as  to  the  sufficiency  of  the  appropriation  for  the  erection  of  a 
bailding  in  accoi-dauce  with  the  plans  approved  by  Congress.  Reference 
was  also  made  to  the  action  of  the  Secretary  of  tlie  Treasury  in  detailing 
an  officer  of  the  Treasury  Department  to  disburse  the  appropriation,  by 
which  action  the  fund  was  made  immediately  available.  In  addition,  a 
reswm^  was  presented  of  the  active  operatiousin  the  construction  of  the 
bnilding  whereby  you  were  made  aware  that  ground  was  broken  on  the 
17th  of  April,  1879 ;  that  the  concrete  foundations  were  begun  April  29j 
that  the  brick  work  of  the  walls  was  commenced  May  21,  aud  that  the 
walls  were  completed  on  the  Ist  day  of  November, 

Moreover,  mention  was  made  of  the  good  fortune  of  the  Commission 
in  seonring  exceedingly  favorable  contracts,  especially  for  the  brick  and 
iron  work,  previous  to  the  early  subsequent  rapid  advance  in  the  prices 
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of  iroB  and  other  building  materials;  of  the  &«t  that  the  cost  of  the 
beating  apparatus  was  not  Incladed  In  the  estimate  of  1260,000,  and  that 
tberefbre  an  appropriation  of  (25,000  foi  tliis  item  had  been  asked  of 
Congress ;  and,  flnally,  of  the  tlien  pending  ^orta  of  the  OcHnnussion  to 
settle  the  qnestion  of  material  for  the  cases,  whether  ttiis  should  be  wood 
01  iron. 

Besides  information  upon  the  points  above  specified,  an  appended  re* 
port  of  the  arctiitects  presented  an  interesting  technical  and  descriptive 
record  of  ttie  plan  and  design  of  the  building  and  a  detailed  exhibit  of 
the  e^wnditnres  on  acconnt  of  constractiou  to  the  close  of  the  year  1879. 
In  the  present  report,  therefore,  it  ia  only  necessary  Cor  the  Gommis- 
sion  to  review  the  operations  of  thb  year  just  ended. 

The  iron  work  of  the  roofk  was  satisfactorily  completed  by  the  latter 
part  of  March,  and  the  tin  work  and  slating  early  in  Apnl. 

The  plastering,  which  was  done  partly  by  day's  work  and  partly  under 
contract,  was  begun  early  in  March  and  finished  by  the  1att«r  part  of 
July.  The  plaster  of  the  slate  roofs  is  laid  directly  on  the  slate,  and  that 
of  the  low,  flat  roofi  on  gratings  fastened  between  the  iron  girders  of  the 
coof  and  rendered  fire-proof  by  a  filling  of  mortar  composed  of  plaster 
of  Paris  and  ashes — a  form  of  ceihng  suggested  by  General  Meigs. 

The  painting  and  glazing  has  been  satisfactorily  done.  lu  the  inter* 
est  of  economy  in  heating,  it  was  decided  to  put  both  an  inner  and  an 
outer  glass  in  the  sash  of  all  outside  windows. 

The  supply-pipes  for  water  and  gas  were  laid  by  the  close  of  February 
and  the  work  dnly  inspected  and  approved. 

The  wood  floors  have  all  been  put  down,  excepting  in  the  four  square 
halls.  In  the  four  main  halls,  or  naves,  and  in  the  rotunda  of  the  dome 
it  was  originally  intended  to  lay  concrete,  but  owing  to  urgent  remon- 
strances against  the  use  of  this  fflat«rial  as  not  being  in  keeping  with 
the  architectural  beauty  and  design  of  the  building.  Congress  has  been 
asked  for  an  appropriation  of  125,000  to  defray  the  expense  of  a  marble 
or  tile  floor  for  these  halls.  The  request  for  this  appropriation  was  in 
accordance  with  a  resolution  of  the  Board  of  Regents  of  December  9th, 
1880. 

The  heating  apparatus  is  also  in,  and,  with  the  exception  of  bronzing 
a  nomber  of  the  radiators,  Messrs.  Baker,  Smith  &  Co.  have  completed 
their  contract  for  this  work.  During  the  recent  severe  weather  the  ap- 
paratus was  subjected  to  a  test  more  severe  than  will  be  likely  to  occur 
again  for  a  number  of  years,  and  it  is  a  matter  of  congratulation  to  the 
Commission,  as  well  as  to  tbe  contractors,  that  the  work  gives  entire 
satisfaction. 

A  most  economical  arrangement  connected  with  this  heating  appa- 
ratus is  that  of  two  automatic  traps  whereby  the  condensed  steam  is 
again  brought  to  the  boilers.  While  by  this  arrangement  both  time  and 
fdel  for  heating  fresh  water  are  saved,  the  fear  of  a  lack  of  supply  of 
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trater  to  the  boUers  is  eliminated,  that  originally  used  sofQcing  for  at 
lewt  Beveo  days. 

The  work  of  pnttang  in  the  -miea  tot  the  bnrglar-alarm  telegraph, 
telephone,  and  electric  clocks  and  call-bells,  which  was  began  inthesntn- 
mer,  is  now  nearly  finished.  These  wires,  which  are  rnnthiongh  imder* 
ground  trenebes,  either  speciaUy  constmeted  for  the  pnrpose  or  for  heat- 
iog-pipes,  will  extend  from  a  room  in  one  of  the  north  towers  to  each 
window,  door,  and  case  in  the  entire  building,  and  also  to  the  fwlice  and 
flie-alacm  telegr^ba.  This  electrical  arrangement  will  constitnte  a  val- 
uable feature  in  the  eoonfony  of  administration  of  a  stmctore  so  immense 
as,  and  of  the  peculiar  conBtraction  of,  the  new  Museum  building,  since 
it  will  lessen  the  necessity  for  a  large  corps  of  watchmen  and  attendants, 
tbe  localil?  of  any  attempt  on  the  part  of  designing  persons  to  open  a 
window,  door,  or  case  being  at  once  automatically  indicated  in  the  cen- 
tral <^ce,  or  instrument  room,  where  a  watchman  will  be  on  duty  at  all 
hoars. 

Aa  the  original  estimates  upon  which  the  appropriation  of  9260,000 
was  based  did  not  include  a  provision  for  the  expanded  system  of  water 
and  gas  fiztores  and  electrical  apparatus,  an  appropriation  of  912,500 
was  reqoeated  therefor  and  readily  secured. 

In  addition  to  the  above,  an  appropriation  of  $1,000  *  was  secured  for 
a  sewer  to  connect  with  the  B  street  sewer  to  relieve  the  building  from 
water,  which,  on  acconntoftiie  inadequacy  of  tbe  Seventh  street  sewer, 
(luring  heavy  rains,  backs  op  in  the  pipes  and  floods  the  cellars.  This 
reUeving  sewer  will  be  constructed  under  the  supervision  of  the  engi- 
neer of  the  District  of  Columbia,  Lieutenant  Hoxie. 

For  fuller  information,  however,  the  Board  is  respectfiilly  referred  to 
the  appended  report  of  the  auperlnt£nding  architects,  which  also  presents 
a  detailed  exhibit  of  expenditures. 

Daring  the  year  past  the  Commission  has  met  as  often  as  was  deemed 
necessary.  General  Meigs,  as  consulting  engineer,  has  generally  been 
present  at  the  sessions  of  the  Commission,  while,  as  during  the  previous 
year,  his  visits  to  the  new  boilding  have  been  treqnent  and  his  inspec-  ' 
tion  of  the  work  close  and  critical 

In  closing  this  report  the  Commission  is  happy  to  state  that  the  build- 
iag,  with  the  erection  of  which  it  was  charged,  is  substantially  finished, 
and  that  it  hopes  at  the  next  animal  session  of  the  Board  to  be  able  to 
congratulate  the  Hegents  on  its  entire  completion  and  occapation. 

Bespeotfnlly  submitted. 

W.  T.  SHERMAN, 
PETEE  PAItKER, 
8PKNCEE  P.  BAIED, 
National  Museum  Bvilding  Commusion. 

WA^nNcrroN,  Jomanf  18, 1881. 

'Tbta  liaa  been  incMMeS  to  (1,900  in  acotrntamoe  with  tbe  reviaod  ertbnfttM  of  the 
MEineeiofthB  District.  ,   -  , 
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EEPORT  OF  THE  SUPBREJTTENDING  AECHITEOTS  OP  PIBB- 
PROOF  BUILDrNG  FOB  NATIONAL  MUSEUM,  1880. 

Wabhingtoit,  D.  C,  January  1, 1881. 
To  the  S'ational  Mmeum  Building  Commigaion,  8nUth»onian  InstttiUionf 
Washinffton,  2>.  0.  : 
GEKTLEUEif :  We  have  the  honor  to  report  to  yoa  the  completaon  of 
the  new  boilding  under  the  appropriations  available  for  the  pnrpose, 
and  simnltaneously  to  snbmlt  a  report  of  operations  on  tiie  coiistraction 
of  the  bnilding  since  January  1, 1880,  the  date  of  oar  laat  report. 

The  progress  of  the  votk  was  snch  that  the  plastering  of  the  building 
could  be  commenced  as  soon  as  the  state  of  the  weather  permitted  it, 
in  the  early  part  of  the  spring.  It  was  completed  by  the  middle  of 
Angust,  and,  after  this,  miscellaneous  work  for  finishing,  such  as  iron 
balconies,  railings,  and  stairways,  were  put  up,  all  the  offices  were 
floored  and  put  in  readiness  for  occupation,  the  cellars  were  laid  with 
asphaltic  concrete,  the  wooden  floors  of  all  the  outsicle  halls  were  laid 
upon  a  solid  bed  of  hydraulic  cement-concrete,  and  a  concrete  base  was 
laid  for  the  floors  of  the  main  and  square  haJls.  All  the  numerons  de- 
tails of  the  steam-heating  apparatus  were  attended  to  so  that  steam 
could  be  put  on  with  the  advent  of  the  cold  weather;  and  though  the 
heavy  walls  and  piers  were  considerably  chilled  by  long-continued  ex- 
posure during  the  early  fall  and  the  excessive  moisture  in  the  unfinished 
building,  a  comfortable  heat  was  obtained  within  a  few  days  and  was 
maintained  dui-ing  the  coldest  days  of  this  unusually  severe  winter,  no 
more  than  a  reasonable  amount  of  fuel  being  used  for  beating  the  vast 
space  of  about  3,500,000  cubic  feet  inclosed  within  the  waUs  and  roofe 
of  the  building. 

The  asphalt  facing  of  the  floors  of  the  main  halls  and  rotunda,  as  in- 
tended under  the  estimates,  has  not  been  put  on,  since  with  hardly  any 
difference  of  opinion  it  was  held  tbat  nothing  less  than  a  chaste  tiling 
would  do  justice  to  the  bnilding,  and  provision  ought  to  be  made  for 
this  without  delay.  On  the  other  hand,  much  more  than  an  equivalent 
of  the  cost  of  this  surf^ing  has  been  spent  on  work  not  included  in  the 
estimates,  but  deemed  more  important  for  the  opening  of  the  building 
at  as  early  a  date  as  possible. 

The  approaches  to  the  building,  for  which  always  a  separate  estimate 
is  brought  before  Congress,  have  been  mostly  finished  under  the  orig- 
inal appropriation.  We  may  be  allowed  to  state  a  few  of  the  items  not 
originally  contemplated,  but  included  in  the  construction  account^  to 
wit: 

The  windows  in  exposed  walls  were  set  with  two  sheets  of 
glass  for  each  pane,  and  an  improved  skylight  for  photo- 
grapher was  put  up  at  a  cost  of : $1, 966  00 

Three  more  cellars  tian  originally  contemplated  were  oon- 
strncted,  and  annexes  to  the  comer-pavilions,  involving       <-'' 
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expensive  fireproof  floors,  were  fitted  np,  the  lofts  in  the 

corner-paTilioDS  were  converted  into  additional  flnistied     * 

stories  at  a  cost  of. $4,500  00 

Ttie  covered  spaces  in  front  of  and  shelteiing  the  fonr  main 
entrance  doors  were  inclosed  by  ornamental  iron  gates 
at  a  coat  of 1, 804  08 

All  the  brick  work  of  the  ezteosive  fa^fades  was  oiled  and 
penciled  at  a  cost  of 2,  750  00 

Terraces  were  formed  to  regulate  the  grades  of  the  ground 
aroand  the  baildlog  at  a  cost  of 2, 428  00 

There  wa«  expended  for  cat  stone  on  the  approaches  to  the 
main  entrance 1,286  00 

Totol  $14,733  08 

The  conditions  imposed  apon  as  to  keep  within  the  appropriations 
have  been  complied  with  in  good  faith.  A  snbstantifd  fire-proof  bnUd- 
ing  has  been  completed  at  a  less  cost  per  sc|uaro  foot  of  the  inclosed 
area  than  that  of  the  temporary  buUdinga  erected  for  the  Interoational 
Exhibition  in  Philadelphia  in  1876. 

The  principle  adopted  to  have  all  the  windows  in  side  walls  and  lan- 
terns glazed  with  two  sheets  of  glass,  having  an  intermediate  air-space, 
has  led  to  favorable  results,  and  it  is  desirable  to  extend  the  same  feature 
over  the  under  sides  of  the  roofs  in  the  halls  by  the  introduction  of  light 
iron  ceilings  about  IJ  inches  distant  from  those  plastered  undersides ; 
the  intermediate  air-space  in  this  case  to  be  packed  with  a  non-conduct- 
ing fire-proof  material,  snch  as  mineral-wool  or  its  equivalent.  This 
will  securo  fhr  thebuilding  a  very  pleasant  temperaturo  in  summer, 
reduce  the  expense  of  beating  the  huge  building  in  winter,  and  remove 
any  tendency  towards  condensation  on  those  exposed  undersides  daring 
the  rapid  changes  of  temperature  and  hygrometrio  condition  of  the 
atnosphere  peculiar  to  this  climate  and  locality. 

Having  given  a  technical  description  of  the  design  and  construction 
of  the  new  buildiiig  in  our  last  report,  we  now  report  specially  on  the 
theory,  practice,  and  results  of  warmingthebuilding.  In  consideration 
of  the  great  cubic  contents  of  air  inclosed  in  the  building,  and  the  com- 
paratively very  few  sources  of  vitiation  of  the  same,  the  system  of  heiit- 
ing  by  direct  radiation  has  been  adopted.  For  winter  ventilation  the 
spires  of  eight  towers  and  the  lanterns  of  halls  and  dome  are  made 
available  whenever  necessary,  and  for  summer  ventilation  a  sufficient 
number  of  improved  iron  sashes  pivoting  in  iron  frames  have  been 
added  and  inserted  in  the  windows  of  the  side  walls  and  the  lanterns  of 
the  building. 

The  heating  coils  and  radiators  are  placed  in  the  rooms  to  be  warmed 
and  heat  the  aii  by  contact  with  the  radiators;  the  snrrounding  walls 
and  solid  objects  absorbing  a  certain  amoonf  of  radiant  heat  and  again 
heating  the  air  by  contact.  ,  , 
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To  ascertain  tbe  demaads  to  be  made  apoa  ibe  appatatos  fat  heating, 
the  conditions  of  the  boUdiag  vere  Btndied,  in  order  to  arrire  at  the  loaa 
of  heat  inside  the  bnilding  for  an  external  temperature  of  zero  and  an 
internal  temperature  of  70°  Fahieoheit.  This  loss  of  heat  is  caosed  by 
the  eaposed  sui&ces  of  the  building,  vhieh  coDsist<tf  hollow  brick  -wvSla 
plastered  inside,  of  tin  roofe  lined  with  felt  and  suppOTted  by  non-con- 
ducting fire-proof  material  plastered  inside,  and  of  windows  having  two 
thit^nesses  of  glass  with  inclosed  air-space.  It  is  increased  by  an 
amount  due  to  leakages,  absorption  of  beat  by  the  soil,  transfusion  of  air 
by  the  opening  of  doors,  &c  To  allow  for  contingendea,  the  required 
heating  surfaces  resolting  from  above  canses  were  increased  by  abont 
fifteen  per  cent,  and  the  generating  power  of  steam  three  times. 

The  necessity  for  such  a  disproportionate  amount  of  generating  power 
Is  explained  by  the  &ct  that  the  condensation  is  enormous  when  the 
steam  circalating  pipes  and  radiators  are  first  heated  up,  because  their 
specific  heat  is  very  high  when  compared  with  that  of  the  air.  When  the 
circnlation  is  once  established,  the  demand  upon  the  boilers  decreases 
to  an  amount  equal  to  the  heat  radiated  and  carried  off  by  the  air  from 
the  beating  surfaces,  provided  that  the  main  circulating  (or  flow)  pipes, 
which  are  not  to  act  as  radiators,  but  rather  as  vehicles  to  carry  the 
heat  to  the  most  estreme  points  of  the  building,  are  protected  by  a  snfd- 
cient  .coating  of  non-conducting  material,  which  shonld  be  provided  for, 
the  sooner  the  better,    • 

It  is  evident  that  for  socb  nice  adjustments  there  were  no  funds 
available  so  far. 

Continued  satisfactory  heating  by  the  direct  radiating  system  de- 
mands, with  such  an  extensive  apparatus,  constant  and  clijse  attention ; 
otherwise  there  wiU  be  a  great  waste  of  fuel  in  mild  weather,  and  well- 
founded  complaint  of  overheating. 

As  the  building  is  heated  up,  radiators  must  be  shut  off  until  no  more 
heating  surface  is  leftthanis  required  to  balance  the  loss  of  heat,  which 
in  this  climate  is  very  variable.  The  otBces  require  more  heaj),  rSla- 
tively,  than  the  halls;  and  if,  after  the  building  is  warm  throughout, 
steam  were  shut  down  entirely  to  prevent  overheating  the  halls,  us 
would  happen  in  mild  weather,  the  offices  could  not  be-  occupied  fur 
want  of  heat  long  before  the  flrst  sensation  of  coolness  appeared  in  the 
halls.  The  cause  of  this  is  that  the  ratio  of  cooling  surface  to  space  (or 
cubic  contents)  is  much  greater  in  the  case  of  the  small  rooms  than  in 
the  halls,  which  form  a  huge  reservoir  of  heat,  contained  in  the  inside 
walls  and  objects  as  well  as  in  the  air. 

It  is  necessary  to  put  the  whole  force  on  once  a  d&y  in  order  to  get 
circulation  of  steam  throughout.  In  mifd  weather  shut  down  as  soon 
as  overheating  begins.  In  extremely  cold  weather  the  full  force  is  to 
be  kept  up  continuously. 

It  being  established  by  experiment  t^t  about  25  per  cent,  of  the  entire 
heat  absorbed  in  evaporating  the  water  in  the  boilers  will  be  restored  by 
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retanung  the  water  of  ooadensation  Id  Hie  coils  to  the  boilers,  at  a  tem- 
peiatare  of  aboat  176  degrees,  instead  o£  heating  new  sappUes  of  water 
from  an  average  winter  temperature  of  56<>  to  the  boiling  point,  special 
efforta  were  made  in  this  direction.  In  order  to  prevent  clattering  and 
noiae  the  eteam-pipeshaveai^  yrom  the  boilers,  BO  tliat  an;  condensed 
water  flows  in  tdie  same  directatm  with  the  steam  and  not  agidnst  it,  nntil 
points  are  reached  where  the  steam-pipes  are  tf^ped  and  discharge  the 
etradeosed  waber  into  the  letom  pipes,  which  are  started  at  the  extreme 
end  or  lowest  point  of  the  flow-pipes  with  fui  adeqoate  fidl  UnoiO'dt  the 
boilers. 

The  extreme  lengtii  of  each  of  two  lines  of  steam'KWDdaotlng  uid  re* 
torn  water-pipes  is  about  an  eighth  (rf  a  mile. 

To  promote  the  usefulness  of  the  building,  these  whole  systems  of 
pqies  were  buried  in  large-sized  nndergronnd  dncts.  The  grade  of  the 
public  sewers  does  not  allow  the  boilers  to  be  set  deep  enough  for  re- 
turning the  condensed  water  to  them  exdnsively  by  gravitation,  as  is 
most  desirable,  hence  it  is  conducted  into  a  receiver  located  on  ihe  floor 
of  the  boiler-room,  firom  whit^  it  is  rused  by  antxmiatic  steam-traps  lo- 
cated above  the  boilers.  These  traps  are,  fltstly,  supplied  with  steam 
firom  the  bcHlrars.  They  are  so  constnicted  that  by  the  movement  of  a 
lever  etmnected  witli  a  float  the  steam  is  shot  off,  when  it  condenses 
in  the  traps,  causes  a  partial  vacuum,  and  lifts  the  water  from  the  re- 
ceiver into  l^e  traps  by  suction.  As  the  ascending  watw  fills  the  traps 
it  lifts  the  float,  the  lever  of  which  gradually  opens  the  steam-valve, 
permits  the  steam  to  enter  the  traps,  and  at  the  same  time  causes  an 
eqn^ization  of  pressure  in  the  boilers  and  traps  whereby  tho  water,  by 
gravitatJOQ,  flows  back  into  the  boilers.  To  operate  tiiese  traps  no  more 
pressure  is  required  than  sufficient  toraise  the  water  from  the  receiver 
to  the  trap. 

Since  immediately  after  starting  the  fires  the  pressure  in  the  boilers 
may  be  too  sm^  a  steam-pnmp  is  at  hand  by  which  the  water  is  forced 
diioet  from  the  receiver  into  the  boilers.  This  pump  works  with  less  than 
two  pounds  pressure  per  square  inch^and  forces  either  hot  or  cold  water. 
When  a  fresh  supply  of  water  shoiUd  be  desired  and  the  steam-presanre 
is  greater  than  that  in  the  main  water-pipes,  the  pump  is  connected  with 
these  mains  and  the  boilers  supplied  there&om.  Ordinarily  the  boilers 
are  fed  direct  from  the  water  mains. 

The  steam  for  warming  the  building  is  generated  in  four  tubular  boil- 
en  (tf  66  inches  diameter  and  15  feet  length,  contuning  each  72  tubes  of 
3  inches  diameter.  The  heat  of  the  Are  passes  first  under  the  whole 
length  of  the  boilers,  then  back  through  the  tubes  and  finally  over  the 
b^  of  the  boiler,  giving  the  greatest  possible  exposure  of  surface  and 
resulting  in  the  greatest  attainable  economy  of  fuel. 

The  boilers  are  connected  overhead  by  steam-pipea  of  5  inches  diame- 
ter from  each,  with  st^-valves ;  these  lead  into  a  drum  of  12  inches  di- 
ameter to  which  two  S-inoh  main  steam-pipes  are  attached,  each  of  which 
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supplies  a  pipe  system  warming  one-lialf  of  tiie  btulding.  Valves  are 
placed  ia  those  S-incIi  pipes,  and  the  whole  apparatos  is  arranged  so 
that  one,  or  all,  or  any  number  of  the  four  boilers  can  be  used  at  pleas- 
ure and  steam  sfant  off  tcom  either  half  of  the  boilding,  or  &om  any  de- 
sired number  of  the  radiators.  The  steam-conducting  pipes  are  gradu- 
ally reduced  in  size,  as  the  several  branches  for  the  supply  of  the  radia- 
tors are  taken  off  until  at  the  ends  of  the  lines  at  the  northeast  comerof 
the  building,  which  is  most  remote  from  the  boUw-room,  the  pipes  have 
but  2  inches  diameter. 

The  return  water-pipes  begin  at  this  remote  comer  with  1^  inch  diam- 
eter and  are  gradually  enlarged  as  they  receive  the  water  of  oondensa- 
tion  from  radiators  and  mains  until  they  terminate  in  the  receiver  in  the 
boiler-room  as  above  described. 

Eising  liues  of  pipes  for  warming  the  olQces  of  the  second  and  third 
stories  are  attached  to  the  horizontal  piping,  with  suitable  retom-and- 
relief  and  air-valve  pipes.  i 

The  best  provision  is  made  in  all  Unes  of  pipes  for  expansion  and  con- 
traction by  ofbets,  angles,  or  expfuision  jointe,  as  the  case  requires. 

The  horizontal  pipes  are  mainly  supported  on  rollers.  All  joints  of 
pipes  and  fittings  are  made  without  the  use  of  red  lead  or  cement,  the 
threads  being  all  tapered  and  exactly  fitted  so  as  to 'be  tigbtwhen 
simply  screwed  togecher,  iron  into  iron. 

Branch  pipes  extend  oat  from  the  main  pipes,  and  to  these  the  valves 
and  pipes  of  201  upright  radiators  are  screwed.  These  are  all  finished 
in  bronze,  and  contain  in  the  aggregate  13,600  square  feet  of  radiating 
surface,  which  give  oat  the  beat  generated  in  the  boilers. 

The  efficiency  of  the  heating  apparatus,  though  evident,  was  tested - 
by  a  series  of  observations  made  during  the  coldest  weather  of  Christmas 
week. 

During  the  daytime,  with  the  outside  temperature  at  an  average  ot 
&3  below  zero,  the  interior  temperature  did  not  fall  below  62^  above 
zero  when  but  three  of  the  fonr  boilers  were  in  use,  the  pressure  of 
steam  being  not  above  12  pounds,  and  the  consumption  of  coal  7,500 
pounds,  for  tw«ity-four  hours. 

Observations  were  also  made  dnring  the  night-time,  after  all  heat  had 
been  purposely  cut  off  from  the  buildhig  and  the  fires  banked,  with  the 
mean  external  temperature  at  11^°  below  zero,  the  temperature  within 
the  building  did  not  fall  below  48°  above  zero.  This  is  a  creditable 
result  for  the  yet  Incomplete  provisions  taken  against  losses  of  heat  by 
the  exposed  enifaoea. 

The  observation  is  also  most  gratiiying  that  there  is  hardly  any  dif- 
ference between  the  temperature  on  the  main  fioor  and  that  of  tbe  gal- 
leries and  occupied  higher  parts  of  the  buildiDg  abutting  on  the  liaUs. 

Thanks  to  the  prompt  and  efficient  co-operation  of  Col.  Thos.  L.  Cas^, 
the  engineer  in  charge  of  public  grounds,  the  roads  and  lawns  leading 
to  and  snrronnding  the  building  were  speedUy  adapted  to  new  grades 
and  verdure  restored.  m^ ,  , , ,  CooqIc 
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FINAItOIAL  SIATBHBIH. 

The  appropriations  made  b;  Congress  are : 

For  constraction  of  building $260,000  00 

For  fiteam-heatiiig  apparatoa 25, 000  00 

For  electric  work,  plnmbing,  &c  12,  BOO  00 


287,600  00 

Beheduie  aoeount  o/expenditwrt»  and  of  UabUittetf  January  1,  1881. 

Earthwork : 

Excavatioa  and  grading $853  68 

Forming  terraces 2,428  66 

$3,282  24 

Foandadons : 

Concrete 3,899  02 

Bobble^tone masonry 7,010  64 

10,909  66 

Brick- work : 

Bricks 39,726  98 

Mortar 6,111  36 

Labor  of  laying  brioks 26,668  96 

Oeoters,  sheds,  foremen,  &c. . ., 2,376  48 

Oiling  &oate,  material,  and  labor 2, 763  68 

77,637  36 

Oat-stone  w(»-k: 

Of  buUding  proper 10,106  10 

Of  approaches 1,286  32 

11,391  4i 

Wrought  and  cast  iroD  work : 

Cost  of  and  Betting  floor-beams 3,822  81 

Contract  for  roof^  steps,  and  railings 37, 368  89 

Anchors,  hoop-irons,  and  miscelliuieDns  work . .    i,  882  60 
Fonr  double  entrance  gates,  incloding  models 

and  hanging 1,804  08 

Models  of  candelabras 160  00 

48,038  38 

Galvanized  iron  work 6, 784  18 

Booflng: 

Slate,  slating,  snow-breaks,  &c 6,697  65 

Fure-proof  gratings  onder  metal  roofe 12,682  27 

Manilla  felt 1,145  90 

Copper  gntters 1,169  68 

Tm,  labor,  and  spoat-goards 5,941  87 

27,637  43 

Concreting  floors  of  offices  and  halls 6, 065  29 

l^orthvestibnle  laid  with  encaustic  tiles 134  20 
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Carpecter  work  and  lomber ; 
Window  frames  and  aaeh,  inolading  hanging . .  (6, 996  OS 

Doora 2, 298  25 

Flooring,  sleepers,  and  miscellaneoos  Inmber..    4,847  C2 

iN'aila,  screws,  &c 711.36 

Labor 3,591  55 

Flag-pole,  set  in  place 61  45 

J18,506  23 

Plastering „ 1^781  94 

Glass  and  ventilators : 

Plate  glass 210  67 

Donblethick cylinder 3,3(B  57 

Ornamental  cathedral.gtass 450  40 

Photographers*  skyHglt 315  00 

Ventilators 444  00 

4,722  64 

Punting  and  glazing,  inolading  material  and  labor 0, 677  99 

Plmnfoing  and  drainage : 

Connection  with  main  sewer 366  77 

Water  supply  and  olosete  for  bnildingporposes.        516  78 
Teira-cotta  sewers,  and  caet-iion  dram  pipes  for 

roofe 2,453  06 

Drainage  of  boUer-room 510  91 

Water-pipe  and  street-washers 1,344  96 

Oas-mains,  service-pipe,  &c 2, 650  44 

Plumbing  in  office  bnilding 509  33 

8,35S  11 

Oronp  of  statnary  on  main  gable 2, 035  05 

MisceUaneons  expenses : 

Sorvey  of  groonda,  clearing  of  site,  and  repair- 
ing roads 1,206  56 

Printing,  advertising,  and  photographic  expen- 
ses      1,840  12 

Scales,  tools,  sheds,  for  various  purposes 1, 125  91 

Clerical  expenses  and  watchman 5, 144  60 

Stationery,  office  famitore,  traveling  expenses, 
telegrams,  and  incidentals 1, 046  21 

10,362  39 

Constmction  and  saperintendence 10, 000  00 

Steam-heating  apparatus 17,268  00 

Brick- work,  excavations,  &e 113  80, 

Electrical  apparatus 822  31 

Total 287,422  67 
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Of  this  Bum  there  has  been  actually  expended $2S3, 449  67 

Outstanding  liabilities  nnder  agreements 3, 848  00 

Balance  available  (after  meeting  all  liabilities)  January  1, 

1881 202  33 

287, 500  00 

Addappropriationfors'^werinhandsofdiebnrsiagagent.-        1,000  00  . 
Balance  unexpended  (but  of  which  $3,848  is  unavailable 

on  ao-xtunt  of  liabilitiea) 4, 050  33 

Total  balance,  January  1,  1881,  in  hands  of  Major  Hobbs, 

disbursing  agent! 5, 050  33 

We  have  the  honor  to  be,  gentlemen,  your  most  obedient  servants^ 
OLU88  &  SCHULZE, 

Architects, 
S.  Mis.  31 12 
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ADVEKTiaEMENT. 


The  object  of  the  Genbeal  Appbnbix  is  to  furnish  Bommaries  of 
scientific  discovery  in  particolar  directions;  occasional  reports  of  the 
investifrationa  made  by  collaborators  of  the  institution;  memoirs  of  a. 
genera.1  character  or  on  special  topics,  whether  original  and  prepared 
expressly  for  the  purpose,  or  selected  from  foreign  journals  and  proceed- 
ings ;  and  briefly  to  present  (as  fully  as  space  will  permit)  such  papers 
not  published  in  the  "  Smithsonian  Contributions"  or  in  the  "Miscella- 
neous Collections"  which  may  be  supposed  to  be  of  interest  or  valoe  to 
the  numerous  correspondents  of  the  Inetitutioo. 
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RECORD  OF  SCIENTIFIC  PROGRESS. 


INTEODUCTIOif. 

While  it  has  been  a  prominent  object  of  the  Board  of  Regents  of  the 
Smithsonian  Institution  iVom  a  very  early  date  in  its  history  to  enrich 
the  annnal  report  required  of  them  with  scientilic  memoirs  illustrating 
the  more  remarkable  and  important  developments  in  physical  and  bio- 
logical discovery  as  well  as  the  general  character  of  the  operations  of 
the  Institution,  this  purpose  has  not  hitherto  been  carried  out  on  any 
very  systematic  plan.  Believing,  however,  that  an  annual  report  or 
summary  of  the  recent  advances  made  in  the  leading  departments  of 
scientific  inquiry  would  supply  a  want  very  generally  felt,  and  would 
be  favorably  received  by  all  those  interested  in  the  diffusion  of  knowl- 
edge, the  Secretary  has  bad  prepared  by  competent  collaborators  a 
series  of  abstracts  showing  concisely  the  prominent  features  of  recent 
scientific  progress  in  aatronomy,  geology,  physics,  chemistry,  miner- 
alogy, l»otany,  zoology,  and  anthropology.  Other  subjects  which  might 
properly  have  been  included,  snch  as  those  of  terrestrial  physics  and 
meteorology,  geography  and  hydrography,  microscopy,  &c.,  as  well  as 
the  more  practical  topics  of  agricultural  and  horticultural  economy,  engi- 
neering, technology,  and  industrial  statistics  have,  for  the  present,  been 
omitted,  both  for  want  of  time  in  which  to  have  them  properly  digested 
and  for  waut  of  space  to  allow  them  any  sufficient  presentation.  With 
every  efibrt  to  secure  prompt  attention  to  all  the  more  important  details 
of  such  a  work,  various  unexpected  delays  frequently  render  it  imprac- 
ticable to  obtain  all  the  desired  reports  in  each  department  within  the 
time  prescribed.  In  such  cases  it  is  designed,  if  possible,  to  bring  up 
snch  deficiencies  and  tmpply  them  in  subsequent  reports. 

A  similar  digest,  having  the  title  of  "Annnal  Kecord  of  Science  and 
Industry,"  preparetl  under  the  general  editorship  of  the  present  Secre- 
tary of'the  Institution,  was  commenced  in  1871,  and  published  in  a  duo- 
decimo form  by  the  Messrs.  Harper,  of  New  York."    This  work  was  con- 

"The  "Annual  Record  of  Science  and  Indnstry"  wan  itself  a  snccPBsor  to  a  similar 
year-book  entitled  "The  Annnal  of  Scientific  Discovery"  commenced  in  the  year  1850 
under  Ibe  editorsfaip  of  Mr.  David  A.  Wolls,  and  pnblished  by  Measra,  Gould  and  Lin- 
coln, of  Boston.  The  lost-mentFoufid  work  was  satiefactorily  continued  for  sixteen 
years,  &om  ]850tol665,  inclusive,  when  itwoasnHpendedbj'tbe  appointment  of  its  edi- 
tor, Mr.  Welts,  to  the  conimissionersIiipofiDtemal  revenue  underthe  United  StatesTreas- 
nry  Departueut.    The  work  was,  however,  resnined  in  1867,  under  the  editorsbip  of 
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tinned  through  eight  annual  volames;  but  was  discontinned  with  the 
volume  for  1878,  The  present  undertaking  may,  therefore,  be  considered 
as  in  some  sense  a  continuation  of  the  work  published  by  the  Messrs. 
Harper. 

It  is  scarcely  necessary  to  remark  that  in  a  r^sam^  of  the  annnal  pro- 
gress of  scientific  discovery  so  condensed  as  the  present,  the  wants  of  the 
specialist  in  any  branch  can  be  but  imperfectly  sapplied;  andverymany 
items  and  details  of  great  value  to  him  must  beentirely  omitted.  While 
the  stud<'nt  in  a  special  field  of  knowledge  may  occasionally  receive  hints 
that  will  be  found  of  interest,  he  will  naturally  be  led  to  consult  for 
fhller  information  the  original  journals  and  special  periodicals  from 
which  these  brief  notices  or  abstracts  have  been  compiled. 

The  contemplated  plan  of  devoting  some  250  pages  of  the  annual  re- 
port to  such  a  compilation  is  not  designed  to  preclude  the  introduction 
into  the  "General  Appendix,"  as  heretofore,  of  special  monographs  or 
discussions  that  may  prove  interesting  to  the  scieudfic  student. 

Spbmcbe  F.  Baied. 

Dr.  Samuel  Eneeland,  who  conducted  it  for  the  years  ISSl,  1368,  and  1969.  It  then 
paased  under  the  editorship  of  Frof.  John  TrowbiidKe,  for  the  years  1870  and  1871, 
when  it  was  finally  discoDtinned,  and  the  "Annnal  Eecord  of  Science  and  Indnstry". 
took  its  place. 
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ASTJIONOMT. 


Bt  Fbof.  Edwabd  S.  Holden. 


INTBODITOTIOH. 

As  the  space  available  for  the  record  of  astronomical  progress  is  com- 
paratively small,  the  accoants  here  given  mast  necessarily  be  the  barest 
summaries,  vhose  chief  endlis  to  call  attention  to  work  which  has  been 
done,  in  order  that  a  reference  may  be  made  to  more  extended  papers  if 
desired.  At  the  same  time  it  is  clearly  impossible  to  give  a  speciflc  ref- 
erence to  each  of  the  papers  consulted. 

For  snch  bibliographic  information  the  reader  is  once  fbr  all  referred 
to  Dabboux  et  Hoxtbl's  Bulletin  des  Sciences  Math^mattqiies  et  Astrono- 
mignes  (monthly,  Paris),  to  Satv/re  (weekly,  London),  to  8tnmce  (weekly, 
Kew  York),  to  the  Observatory  (monthly,  London),  and  to  other  standard 
journals.  Free  nse  has  been  made  of  reviews  by  writers  in  these  and 
other  periodicals,  particularly  of  the  Record  of  Aatronomp,  published  by 
Dr.  J.  L.  E.  Dbeyeb  in  the  Scientific  Proceedings  of  the  Boyal  Dublin 
Society. 

NBBXJLJE  ADD  OLTJBIEBS. 

The  Earl  of  ROSSE  has  published  Parte  1  and  2  (0"  to  14*'  B.A.)  of 
the  "  Observations  of  Kebulse  and  Clusters  of  Stars  made  with  the  six- 
foot  and  three-foot  reflectors  at  Birr  Castle  from  the  year  1848  up  to 
about  the  year  1878"  (Trans.  R.  Dublin  8oc.,  Vol.  n).  This  pubUcation 
(of  which  the  third  part,  comprising  the  last  ten  hours  of  E.A.,  is  in 
the  press)  embodies  all  the  work  done  on  nebnlEe  since  the  erection  of 
the  six-foot  telescope  in  1845.  In  1850  and  1861  abstracts  of  the  observ- 
ations on  more  interesting  objecte  appeared  in  the  Philosophical  Trans- 
actions, but  all  these  abstracts  are  given  over  again  in  the  new  publica- 
tion, with  the  sole  exception  of  the  copperplate  engravings,  to  which, 
however,  in  all  cases  references  are  made  in  the  text.  Though  even  now 
not  every  single  note  in  the  observing  ledgers  is  published,  nothing  has 
been  suppressed  which  can  be  of  the  slightest  value  or  importance. 
The  observations  are  given  in  the  observer's  own  words,  and  the  notes 
wjficli  were  added  by  Mr.  Dbbteb  while  arranging  the  work  for  pub- 
lication are  easUy  distinguished  by  being  inclosed  in  brackets.  These 
notesdeal  especially  with questionsof  identification,  andnearly  all  thenew 
nebulffl  which  were  found  at  Birr  Castle  in  the  course  of  years  and  which 
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formed  the  weab  point  of  Hebschbl's  GeDeral  Catalogue,  have  now  by 
re-examinatlon  and  comparison  with  B'Abbest's  observations  been  iden- 
tified and  their  positions  determined.  The  work  done  during  the  last 
live  or  six  years  (1872-'78)  differs  in  many  particulars  from  the  obser- 
vations taken  in  earlier  years,  with  which  the  paper  of  1861  made  the 
scientiflc  world  acquainted.  Most  of  the  more  important  nebulie  having 
been  frequently  drawn,  there  was  latterly  not  much  to  be  done  in  this 
direction,  bat  another  important  field  was  opened  up  by  taking  micro- 
metric  measures  of  groups  of  nebulae,  or  of  nebuhe  and  neighboring  stars. 
Into  the  text  have  been  introduced  diagrams  of  such  groups  or  of  a  nebula 
iind  the  stars  near  it,  while  four  plates  contain  lithographic  reproduc-. 
tions  of  more  elaborate  sketches,  which  had  not  already  been  published 
among  the  engravings  in  the  former  papers.  How  much  more  detail  is 
given  in  the  new  publication  than  in  the  paper  of  1861  may  be  seen  from 
the  circumstance  that  while  the  fourteen  hours  of  B.A.  in  the  latter  only 
cover  34  pages,  in  the  new  paper  they  extend  over  129  pages. 

A  series  of  measurements  of  all  the  planetary  nebulie  has  been  com- 
menced with  the  l'>-iiich  refractor  of  the  Harvard  College  Observatory. 

Dr.  C.  H.  F.  Petehs  has  lately  published  in  Urania  an  important 
list  of  nebuhe  found  on  his  ecliptic  charts. 

Photographs  cif  the  Nebula  of  Orion. — Prof.  Hensy  Dbapeb  distributed 
in  1880  a  large  number  of  photograxihs  of  the  nebula  in  Orion,  taken  by 
means  of  his  11-incb  Clark  refractor  with  an  exposura  of  51  minutes. 
Stars  down  to  the  10th  magnitude  were  shown  and  the  details  of  the 
more  prominent  masses  of  the  central  and  brightest  regions  were  for 
the  first  time  permanently  and  automatically  registered.  The  work  so 
well  begun  has  been  brilliantly  prosecuted,  and  in  March,  1881,  Dr. 
Dbafeb  succeeded  in  obtaining  fine  photographs  with  an  exposure  of 
140  miuutesl  These  give  a  much  greater  extent  to  tbe  nebulous  por- 
tions registered  and  bring  out  many  details,  and  what  is  astonishing 
they  show. stars  whose  magnitudes  Prof.  PiCKBBiHG  has  photometri- 
cally determined  to  be  from  14.0  to  14.7  of  Pogson's  scale.  The  mini- 
mum vihihile  of  an  11-inch  telescope  is  about  14.2,  so  that  it  really  ap- 
pears that  Dr.  Deapeb  has  photographed  stars  which  are  very  near 
the  limit  of  naked  eye  vision  if  not  actually  below  it.  Tbe  mechanical 
perfection  of  the  appliances  which  render  such  feats  possible  can  only 
be  appreciated  by  those  used  to  the  apparatus  fnmisbed  by  the  best 
makers,  which  is  far  inferior  to  that  made  by  Dr.  Dbafeb  for  his  own' 
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Fixed  stars,  catalogues  of  stars,  star  charts,  double  stars,  binary  stars, 
variable  stars,  etc. — Decidedly  the  most  important  recent  contribution  of 
observmg  astronomy  is  the  "Uranometria  Argentina*"  of  Dr.  Gould. 

' " BesQltadoe  del  Observotorio  Nacional  Argentiiia."  ToL  I,  "Uranometria  Ar- 
gentina," BuenoH  Aires,  1879,  4to,  with  atlas.  ,      -.  -,  1 1  -. 
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This  is  the  first  aatr^nomical  publication  of  the  national  obserratory  of 
the  Argentine  Bepublic. 

One  of  the  first  objects  of  Dr.  Gould,  on  the  establishment  of  the 
ne\r  observatory  in  1870,  was  the  making  of  a  uranometry  of  the  sonthem 
sky,  which  shonld  contain  the  position  and  magnitude  of  every  star 
visible  to  the  naked  eye  at  bia  station. 

Tbe  model  on  whidL  it  is  made  is  t£e  celebrated  "  Uranometria  nova," 
of  Aboblasdeb,  of  Boon,  which  was  pnblisbed  in  1843.  Tbe  latter 
contains  3,256  stars  from  the  first  to  the  sixth  magnitude,  which  are  to 
be  seen  above  tbe  horizon  of  Bonn.  Its  magnitudes  are  expressed  in 
thirds  of  a  whole  magnitude,  and  Aboelutder's  scale,  so  established, 
has  served  for  a  standard  in  all  the  observations  in  the  northern  hemi- 
sphere. Dr.  Gould's  problem  was  to  estend  this  enumeration  over  the 
wbole  sonthem  sky,  keeping  accurately  to  the  standard  set  by  Abge- 
LAHDEB.  This  is  by  no  means  an  easy  task,  as  the  minimum  viaibile  at 
Cordoba  was  found  to  be  not  the  6.0  magnitude,  but  7.1;  that  is,  stars 
can  still  be  seen  at  Cordoba  which  have  less  than  four-tenths  of  the 
light  of  tbe  faintest  of  Abgelandeb's  stars.  This  extraordinary  trans- 
parency of  the  atmosphere  required  the  extension  of  Abgelandeb's 
scale  downward,  and  that  this  was  accomplished  successfully  is  shown 
by  a  comi»arison  of  the  magnitudes  of  all  the  stars  which  are  common 
to  the  two  nranometries.  The  mean  difference  is  rather  less  than  one- 
tenth  of  a  magnitude.  The  method  of  settling  the  standard  xvas  to 
select  from  the  "Uranometria  nova"  a  belt  of  stars  which  had  the  same 
altitude  at  Bonn  and  at  Cordoba.  Tbe  722  stars  of  this  belt  were  ob- 
served by  the  four  assistants  at  the  sonthem  observatory  (Messrs.  Bock 
Thosie,  Dayib,  and  Hathaway),  and  those  stars  for  which  their  esti- 
mated magnitudes  were  precisely  the  same  were  chosen  for  standards. 
Thus,  a  number  of  stars  of  each  magnitude,  as  3.00, 3.33, 3.66, 4.00, 4.33, 
etc,  became  types  to  be  constantly  referred  to.  From  these  types  a 
number  of  others  in  a  zone  near  the  south  pole  (and  hence  coDStautly 
visible)  were  constructed.  The  process  of  observation  consisted  in  re- 
ferring each  star  in  the  heavens  to  this  set  of  types,  sq  that  its  magni- 
tude could  be  finally  determined  upon.  This  was  done  by  the  four 
observers  independently,  but  often  in  duplicate,  and  so  well  were  the 
standards  fixed  that  each  observer's  comparisons  diftV^red  from  tbe  meau 
of  all  four  by  quantities  very  much  less  than  a  tenth  of  a  magnitude. 
It  should  be  said  that  the  magnitudes  in  tbe  southern  uianometry  arc 
given  to  tenths, 

In  all  there  are  10,649  stars  visible  to  the  naked  eye  at  Cordoba.  Of 
these,  8,198  are  as  bright  or  brighter  than  the  7.0  magnitude,  and  these 
alone  are  given  in  the  catalogue  and  in  the  maps.  Of  these  10,000  stars 
more  than  46,000  observations  were  made.  In  the  progress  of  tbe  work 
quite  a  number  of  variable  stars  were  detected,  of  each  of  which  a  full 
history  is  given  in  tbe  notes.    Indeed  Dr.  Gould's  firm  conviction  is 
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that  "  stellar  varmbillt-y  is  by  no  means  an  excegtional  phenomenon, 
but  that  at  least  one-half  of  the  stars  above  the  7.S  magnitude  vary 
by  amounts  which  careful  observation  cannot  fail  to  detect." 

An  atlas  of  fourteen  charts  accompanies  the  catalogue,  and  gives  an 
exact  pictorial  representation  of  the  state  of  the  sky  at  the  epoch  of  the 
work.  Besides  giving  a  representation  of  the  isolated  stars,  the  shad- 
ings and  gradations  of  the  milky  way  are  given  with  the  greatest  detail 
from  repeated  observations  and  revisions.  By  no  means  the  least  valu- 
able part  of  the  work  is  the  discussion  of  the  course  of  the  milky  way 
throughout  the  whole  sky.  The  course  of  the  galaxy  is  now,  and  only 
now,  known  with  precision.  The  data  of  this  and  preceding  uranome- 
tries  are  discussed  by  Dr.  Gould  with  reference  to  the  question  of  the 
distribution  of  the  stars  in  space,  starting  from  the  assumption  that,  on 
the  whole,  stars  are  equally  scattered.  Br.  OouiiD  finds  that  there  is  a 
marked  excess  of  the  stars  &om  the  first  to  the  fourth  magnitude 
Furthermore,  he  finds  that  there  is  in  the  sky  a  zone  or  belt  of  bright 
stars  as  marked  as  the  milky  way,  and  that  all  the  bright  stars  are  dis- 
tributed more  symmetrically  with  respect  to  this  belt  than  witb  regard 
to  the  milky  way  itself.  From  these  facts  Dr.  Gould  concludes  that 
"our  own  solar  system  forma  a  part  of  a  small  cluster  distinct  from  the 
vast  organization  of  that  which  forms  the  milky  way."  This  cluster  may 
perhaps  be  comparable  with  that  of  the  Pleiades,  since  by  a  rough  esti- 
mate it  would  seem  to  consist  of  about  SOO  stars.  It  is  situated  nearly 
in  the  plane  of  the  belt  of  bright  stars. 

No  more  valuable  work  than  this  has  been  given  to  astronomy  witfain 
the  decade;  and  it  will  be  a  source  of  pride  to  Americans  to  find  such 
important  contributions  coming  from  one  of  their  countrymen  in  the 
southern  hemisphere,  with  which  the  name  of  GiLLiBs  was  already  in- 
dissolnbly  associated. 

There  are  no  marks  about  the  work  itself  which  would  show  that  it 
was  done  in  a  community  in  about  the  state  of  Europe  during  the  dark 
ages,  and  it  will  add,  not  to  the  value  of  the  work,  but  to  the  credit  of 
the  workers,  if  que  remembers  that  this  is  strictly  the  case. 

Dr.  AuwBHS  has  published,  for  the  zone  committee  of  the  Astronom- 
ische  Gesellschaft,  an  important  work,  "Fundamental  Catalog  fUr  die 
Zonen-Beobachtungen  am  nordlichen  Himmel."  (Leipzig,  Engelmann, 
4to.)  This  catalogue  of  S39  stars,  on  which  the  places  of  all  the  stara 
between  — 2°  and  +80°  Decl.  down  to  the  9th  mag.  inclusive  will  de- 
pend, is  founded  on  the  following  systems  of  standard  places:  Fulkova, 
1845  and  1865;  MS.  of  Fulkova  Observations,  1869-'74;  MS.  of  Bradley's 
Stars  from  Greenwich  Observations  1836-'73  on  the  system  of  the  flrat 
7-year  Catalogue;  Greenwich  9-year  Catalogue;  Harvard  College  Ob- 
servatory, vol.  x;  Fngelmann's  Declinations,  1866-'70;  Leiden  Declina- 
tions, 1864-'70. 

At  the  Berlin  meeting  of  the  Astronomische  Gesellschaft  reports  on 


t,L.ooglc 


A8TKOKOMY.  187 

the  zone  observations  were  read.    The  following  aeconnt  is  taken  from 
Dr.  Drbter'b  report.    Much  progress  has  been  made  since  then. 

80-75.    Kasan.    Observations  finished,  except  a  few;  reductions  far 

progressed;  printing  commenced. 
75-70.    Dorpat.    Only  920  observations  yet  to  be  made;  more  than  half 

the  reductions  to  1875.0  finished. 
70-65.    Christiania.    Zones  finished;  about  90  per  cent,  reduced. 
65-65.    Gotha  (formerly  Helsingfors).    Zones  finished;  reductions  fer 

advanced. 
55-50.     Cambridge,  TJ.  S.    Observations  finished;  reductions  progress- 
ing well. 
50-40.    Bonn.    About  5,000  single  observations  remaiuto  be  made;  re- 
ductions far  advanced. 
10-35.    Lund.    Observations  commenced  in  September,  1878 ;  the  re- 
dactions are  progressing  with  the  zones. 
35-30.    Leiden.    Finished. 

30-25.    Cambridge  (England).    About  4,000  single  observations  to  be 
made  yet.    The  mean  places  are  calculated  up  to  the  end  of 
1874,  apparent  places  to  the  end  of  1870. 
26-20.    Berlin.    Not  yet  commenced. 
20-15.    BerUn.    Finished,  but  not  yet  reduced. 
15-10.    Leipzig.    Zones  finished;  E,  A,'s  almost  all  reduced  to  1876.0 

zeros  for  declinations  partly  computed. 
10-5.      Leipzig.    Has  been  commenced. 

5-1.      Albany.    Observations  were  commenced  in  Angnst,  1878. 
+  1  to  -  2.    Nicol^efF.    Much  interrupted  by  the  Eusso-Turkish  war. 

A  second  edition  of  the  Washington  Catalogue  of  Stars  has  been 
issued.  Since  the  first  edition  was  published  in  1873,  Professor  Yae- 
NALL  had  accumulated  many  observations,  which  he,  before  retiring 
from  the  Observatory,  embodied  in  a  second  edition.  Many  stars  which 
had  only  been  observed  once  or  twice,  either  in  right  ascension  or  de- 
clination, were  thus  re-examined.  The  author  died  suddenly,  on  Feb- 
mary  27, 1879,  the  complete  volume  only  reaching  him  a  few  moments 
before  his  death. 

Dr.  EOBINSOIT  has  published  "Places  of  1,000  Stars,  observed  at  the 
Anuagh  Observatory."  The  stars  are  those  of  the  fainter  ones  in  the 
"Histoire  Cfileste"  (nearly  all  between  Cth  and  7.6  mag.),  which  have 
not  been  recently  observed  at  other  observatories.  The  instruments  at 
Armagh  not  being  optically  powerful  enough  for  this  work,  the  mural 
circle  was  fnmished  with  a  new  telescope  having  an  object-glass  of  seven 
inches  aperture.  The  observations  were  all  made  by  the  Rev.  Ch.  Fabis, 
in  the  years  1868-76,  each  star  being  observed  four  or  five  times.  Only 
the  mean  results  are  given. 

The  first  volume  of  the  second  series  of  the  "  Annales  de  I'Observa- 
toire  de  Brnzelles"  contains  an  "  Uranom^trie  G^n^rale,''  by  M.  Hon- 
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ZBAU.  During  a  stay  in  Jamaica  the  author  resolved  to  form  a  new 
Urauometry,  which  should  possess  the  advaDtage  above  all  others  hith- 
erto piiblished,  that  it  was  to  be  the  work  of  a  single  individual,  observ- 
ing all  the  stars  in  both  hemispheres  visible  to  the  naked  eye  within  a 
short  space  of  time.  Ho  accordingly  commenced  working  ou  January 
28, 1875,  and  the  work  was  finished-on  February  28, 187G.  Ho  had  first 
prepared  maps,  on  which  all  the  stars  were  plotted  down  without  regard 
to  magnitude ;  then  every  region  was  gone  over  two  or  three  timts,  and 
the  magnitudes  carefully  estimated,  the  six  usual  classes  being  used, 
but  each  class  only  divided  into  two  halves.  The  atlas  thus  formed 
consists  of  five  plates,  on  which  the  stars,  their  letters,  the  names  and 
limits  of  the  constellations  (but  not  their  figures),  and  the  milky  way 
are  depicted.  The  latter  has  been  attended  to  with  great  care,  the 
deeper  or  paler  hue  of  the  light-green  color  representing  greater  or  lesser 
brightness.  The  catalogue  of  stars  for  1880  contains  5,719  stars.  M. 
HOUZEAU  has  examined  the  distribution  of  the  stars  in  four  ways :  1, 
with  respect  to  the  solar  equator;  2,  with  respect  to  the  direction  of  the 
sun's  proper  motion;  3,  perpendicular  to  this  direction  ;  4,  with  respect 
to  the  milky  way.  No  law  whatever  was  found  in  the  first  tliree  ways, 
while  the  fourth  mode  of  proceeding  confirmed  W.  Steute's  conclusion 
that  the  density  of  stellar  layers  parallel  to  the  plane  of  the  milky  way 
decreases  very  regularly  and  gradually  towards  the  poles  of  the  latter. 

Julius  Schmidt  has,  in  voutinnation  of  his  researches  on  the  colors  of 
stars,  published  au  extensive  series  of  color  estimations,  made  chiefly 
with  the  finder  of  the  Athens  refractor,  from  1872-78.  Only  for  Arc- 
turns  has  he  been  able,  with  any  certainty,  to  find  a  variation  of  color. 
It  is  mostly  very  bright  stars  he  has  observed,  and  he  investigates  the 
difference  in  the  estimation,  according  to  whether  the  finder  or  the  re- 
fractor was  used,  and  finds  a  greater  difi'erence  the  nearer  the  color  is  to 
white. 

A  "  new  star"  of  8.8  mag.  was  found  in  November  by  Mr,  Baxbn- 
DELL,  according  to  two  Dun  Eeeht  observations  in  7''  34"  45*.67  +  8°  39* 
39".6  (1879.0).  According  to  VoGEL,  the  spectrum  is  very  remarkable, 
with  many  dark  bands,  especially  in  the  more  re&angible  part. 

PARALLAX  OF  STARS. 

Nearly  the  whole  of  Part  III  of  the  "  Astronomical  Observations  and 
Besearches  made  at  Dunsink"  is  devoted  to  annual  pamllax.  The  first 
paper  contains  a  discussion  of  observations  of  the  planetary  nebula  H. 
IV.  37  from  August,  1371,  to  August,  1872,  by  Dr.  Brushow.  The 
nebula  has  in  the  center  a  well-defined  point  resembling  a  star  of  the 
eleventh  magnitude.  This  was  compared  in  declination  with  a  star 
of  the  tenth  magnitude,  and  the  parallax  was  found  to  be  perfectly  in- 
sensible, a  result  which  agrees  well  with  that  of  a  similar  series  of  ob- 
servations by  Professor  Bredichin,  of  Moscow. 

A  notice  of  an  elaborate  paper  by  Dr.  Elkih  on  the  parallax  of  Alpha 
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Centtturi  must  be.  deferred  till  the  next  year,  as  tbe  paper  is  not  now 
before  the  writer. 

A  new  determiuation  of  the  parallax  of  61  Cygni,  by  Dp.  Ball,  forms 
the  sabject  of  the  next  paper.  This  determination  differs  from  others 
on  the  Bame  object  in  one  particnlar,  viz,  that  the  preceding  star  instead 
of  the  following  one  has  been  observed.  The  method  of  observation 
used  is  that  of  differences  of  declination,  and  the  observations  were 
made  on  thirty-five  different  nights  between  July  3, 1877,  and  June  1, 
187S.  The  resulting  parallax  is  0".465,  in  pretty  good  accordance  with 
the  results  of  Bessbl  (last  three  months  0".54},  Sibuve:  (0".51),  and 
AxrWEES  (0".56). 

A  third  paper,  also  by  Dr.  BiXL,  describes  the  first  results  of  a  series 
of  reconDoitering  observations  in  search  of  stars  with  a  lai^e  annual  par- 
allax. These  observations  are  only  intended  to  reveal  large  parallaxes 
(0".7)  or  more,  and  each  object  is  only  observed  twice  a  year  with  six 
months'  interval,  when  it  is  90°  from  the  sun,  and  at  the  two  extremities 
of  the  major  axis  of  tiie  parallactic  ellipse.  The  paper  contains  the  dis- 
cussion of  the  observations  of  forty-two  objects,  chiefly  red  and  variable 
stars.  The  result  is  that  in  almost  every  case  the  parallax  is  certainly 
less  than  1",  and  most  probably  does  notexceed  0".5,  These  objects  will 
therefore  not  be  observed  any  ftirther,  but  it  is  Dr.  Ball's  intention  to 
continue  this  kind  of  observations.  His  working  list  contains  red  and 
variable  stars,  stars  with  a  large  proper  motion,  and  others  chosen  for 
various  reasons,  nearly  all  north  of  the  30°  parallel. 

According  to  Herr  Gkeluuysen,  of  Ohristiania,  the  star  Arg.  Oeltzen, 
11677,  has  a  perceptible  parallax  (A.  N".  2237).  This  star  of  the  ninth 
magnitude  has  a  proper  motion  of — 0*.607  and  +  0".21.  The  resulting 
parallax,  0".27  from  measures  of  A  a  and  0".24  from  measures  of  A  J  with 
a  star  preceding,  is  only  considered  provisional,  but  the  subject  seems 
worth  following  up. 

DOUBLE  STABS. 

In  1841  and  1842  the  Pulkova  refractor  was  nsed  for  an  examination  of 
the  northern  hemisphere  in  search  of  double  stars.  The  second  part  of 
the  catalogue  thus  formed  embraces  systems,  the  components  of  which 
are  of  or  above  tbe  eighth  mag.,  and  the  distance  between  which  are 
from  32"  to  2'.  Most  of  these  objects  have  never  been  observed  micro- 
metrieally,  and  the  series  of  heliometer  measures  of  some  of  them,  which 
Dr.  SCHUB,  of  Strassburg,  publishes  in  the  A.  N.  2255-50,  will  there- 
fore be  of  Interest,  though  only  comprising  a  small  number  of  objects. 
Systems  closer  than  40"  were  measured  by  quadruple  distances,  wider 
l)^rs  by  double  distances.  By  means  of  an  artifici^  pair  of  stars  it  was 
found  tbat  the  position  angle  had  no  appreciable  influence  on  the  meas- 
ures of  distance,  and  that  the  two  methods  of  measnring  the  distauces 
showed  DO  constant  difference. 

Volume  XLIV  of  the  Memoirs  of  H.  A.  S.  contains  a  very  extensive 
work  by  Mr.  Bubnhau:  "Double-star  observations  made  in  187^-r*7S, 


190  ASTRONOMY, 

at  Chicago,  with  the  ISJ-inch  refractor  of  the  Dearborn  Observatory, 
comprising:  LA  Catalogue  of  251  New  Double  Stara  with  Meaeores; 
II.  Micrometrical  Meaaares  of  500  Double  Stars." 

Up  to  a  few  years  ago  the  Dearborn  refractor,  with  which  Cla.rk 
discovered  the  compaoion  of  Sirius  in  18C2,  was  idle.  It  has,  however, 
since,  in  the  hands  of  Mr.  Bubnham,  done  excellent  work.  Confining 
himself  to  the  subject  of  double  Btars  this  distinguished  observer  has, 
in  the  coarse  of  six  or  seven  years,  first  working  with  a  Cinch,  after- 
wards using  the  IS^  iuch  refractor,  made  this  subject  his  own  to  an  ex- 
tent that  is  truly  surprising.  Though  many  observations  are  yearly 
being  taken  of  double  stars  by  a  good  many  observers,  the  study  of 
these  important  objects  is  by  no  means  being  furthered  to  the  extent 
one  should  have  expected  fh>m  the  vast  amount  of  time  and  labor  ex- 
pended. As  Mr.  Bubuhah  justly  remarks,  in  the  pre&ce  to  the  paper 
we  are  here  considering,  many  observers  have  gone  on  from  year  to 
year  observing  over  and  over  again  the  same  familiar  stars,  of  which 
Castor,  j  Yirginis,  c  Lyne  may  be  cited  as  examples.  Couples  which 
small  instruments  of  three  or  four  inches  aperture  would  show  suffi- 
ciently well  are  thus  again  and  again  being  observed  with  fine  refrac- 
tors of  six  or  seven  inches  aperture  or  upwards,  white  a  very  great 
number  of  stars  are  hardly  ever  if  at  alt  looked  for.  "Omit  the  observa- 
tions of  Dembowsh  and  O.  Stbute  and  our  knowledge  of  nine-tentha 
of  the  double  stars  would  oot  be  materially  advanced  in  the  laat  thirty 
years."  Mr.  Busnhaju  has  fi?om  the  beginning  shown  that  he  does  not 
follow  the  ordinary  beaten  track,  and  his  numerous  discoveries  of  close 
and  difficult  pairs  have  proved  him  to  be  an  unusually  sharp-sighted 
and  attentive  observer.  In  nine  previous  lists  he  had  given  the  places 
of  482  new  double  stars,  mostly  rather  difficult  pairs,  which  few  would 
have  discovered  with  a  6-inch  refi-actor.  The  present  (tenth)  list  of  251 
new  objects  raises  the  total  number  of  new  double  stars  discovered  by 
Mr.  BUBKHAu:  to  733 ;  of  these  251  stars,  75  pairs  are  leas  than  1"  apart. 
His  observations  of  old  double  stars  embrace  chiedy  such  ones  which 
require  a  large  aperture  to  be  brought  out  well,  or  which  have  not  been 
recently  observed  by  others.  Particular  attention  has  also  been  paid  to 
certain  difficult  pairs  discovered  by  Mr.  Alvan  O.  Claiik. 

No.  5  of  the  publications  of  the  Cincinnati  Observatory  contains  *'  Mi- 
crometrical Measurements  of  1,054  Double  Stars  from  January  1, 187S, 
to  September  1, 1879."  Though  the  discovery  of  new  double  atars  has 
only  been  considered  a  secondary  object,  nearly  200  new  pairs  have  been 
detected  daring  the  progress  of  the  work  at  Cincinnati.  The  measures 
are  all  given  in  full  dettdl  and  occupy  151  pages;  the  mean  results  are 
given  separately. 

The  systematic  errors  in  measures  of  double  stars  have  been  investi- 
gated by  Professor  Thiele  in  a  paper:  "Castor,  Calcnl  du  monvement 
relatif  et  Critique  des  observations  de  cette  6toiIe  double."  (Copen- 
hagen, 1879.)    The  author  haa  chosen  Castor  partly  because  the  orbits 
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motion  is  slow  and  can  be  represented  by  a  simple  formula  of  interpola- 
tion, partly  because  it  has  been  very  frequently  measured  by  almost  all 
observera  of  doable  stars.  First,  three  normal  places  were  formed  which 
represented  the  diatances  and  position  angles  observed  since  1816,  and 
an  angle  of  position  from  Bbaolbt's  and  W.  H^bsohel's  measures. 
From  these  and  the  ratio  of  the  sector  to  the  time,  formulae  for  computing 
distance  and  position  angle  as  functions  of  time  by  means  of  the  eccen- 
tric anomaly  were  derived  and  an  ephemeris  computed  iiom  171S  to 
1900.  With  this  ephemeris  all  individnal  obaer^'ations  by  every  obser- 
ver were  compared  and  the  mean  error  determined  for  every  observer 
within  a  period  during  which  he  might  be  supposed  not  to  have  changed 
his  way  of  measuring.  Every  observer  is  now  followed  from  one  period 
to  another  and  the  changes  in  the  mean  error  determined,  whereby  vari- 
ations in  his  systematic  error  reveal  themselves. 

Dr.  Seeligeb  has  made  an  elaborate  examination  of  Madleb's 
measures  (A.  lif.  2288).  MSdleb's  distances  appear  to  be  considerably 
less  accurate  than  O.  Steuve's,  while  his  position  angles  do  not  appear 
to  have  lai^r  mean  errors  than  those  of  O.  Stbute. 

The  most  important  series  of  double-star  measures  published  since 
Menaune  tnicrometricee  is  that  given  in  Volnme  IX  of  the  Pulkova  Ob- 
Bervations,  comprising  the  work  of  Otto  Stbitvb  with  the  16-inch 
reiractor  since  about  1840.  An  elaborate  introduction  details  the 
observations  of  artificial  double  stars  and  the  method  of  applying  the 
corrections  thus  obtained  to  the  measures  of  real  stars.  Section  1  is 
devoted  to  the  ro-measuremeut  of  a  large  number  of  the  most  interest- 
ing of  the  stars  forming  the  catalogue  of  the  elder  Steuvb.  Section 
II  CDutaius  the  measures  of  nearly  all  the  stars  of  the  revised  edition 
of  the  Pulkova  catalogue  of  1860,  and  about  thirty  additional  pairs  dis- 
covered subsequently  (02"  515  to  547).  The  only  other  systematic  observa- 
tions of  these  stars  were  made  by  the  late  Baron  Dehbowski  about 
1800.  As  many  of  these  pairs  are  rapid  binary  systems,  and  nearly  all 
of  them  interesting  from  the  closeness  and  inequality  of  the  components, 
the  Pulkova  measures,  giving  earlier  epochs,  are  specially  valuable. 

A  valuable  contribution  to  the  literature  of  this  department,  and  sec- 
ond to  none  in  practical  value  to  the  observer,  is  Flammabion's  "  Cata- 
logue des  Etoiles  doubles  et  multiples  en  mouvement  relatif  certain." 
This  work  contains  a  complete  list  of  all  double  stars  the  components  of 
which  have  shown  any  decided  change  either  from  orbital  or  proper 
notion,  with  all  the  published  micrometrical  measures  down  to  1878, 
arranged  in  chronological  order,  and  notes  as  to  the  character  and  extent 
of  the  motion,  the  most  recently  computed  orbits  of  binaries,  eto.  As  a 
working  list  for  the  practical  observer  it  is  specially  valuable,  since  the 
stars  which  most  need  observing  can  be  at  once  selected. 

The  "Hand-Book  of  Double  Stars,"  by  Messrs.  Crosslbt,  Gled- 
HiLL,  and  Wilson,  published  in  1879,  in  addition  to  an  extensive  oata- 
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logne  of  biQai7  and  other  interestiag  Btare  by  Mr.  Glgdhill,  compris- 
ing altogether  some  fifteen  hundred  objects,  contains  chapters  on  the 
equatorial  and  the  observatory  by  Mr.  Gbosslisy  ;  on  metliods  of  observ- 
ing and  the  instruments  which  have  been  used  in  this  wort  by  Mr.  Gled- 
HiLL;  ou  micrometers  by  Mr.  CBoasi^T;  on  the  methods  of  compatiiig 
donble-star  orbits,  analytically  and  grapliically,  by  Mr.  Wilson  and  Dr. 
DoBEBCK,  and  the  bibliography  of  the  snbject  by  Mr.  Glbdhiix.  The 
catalogne  is  conveniently  arranged  in  order  of  E,  A.,  bat  the  measures 
of  each  star  are  placed  opposite  the  names  of  the  respective  observers, 
an  arrangement  far  less  convenient  than  a  simple  chronological  one. 
On  the  whole  the  work  is  an  excellent  one,  and  contains  many  valuable 
suggestions  to  amateurs,  not  ordinarily  found  in  astronomical  books. 

Professor  HoLBBN  has  tabulated  the  magnitudes  and  colors  of  162 
stars  which  are  certainly  binary,  according  ^  a  list  furnished  by  Mr. 
BtTBNHAM,  and  finds  that  of  these  the  components  of  132  binary  stars  of 
the  same  color  differ  in  magnitade  on  the  average  only  0^  6,  whilst  those 
of  4U  of  different  colors  differ  2'»'  4.  The  colors  and  magnitudes  are  for 
the  most  part  taken  from  M.  Stettte^s  estimations.  Professor  Holden 
quotes  a  conclusion  by  Dr.  HuGGiNS  and  Professor  MiLLEB  that  the 
characteristic  colors  of  stars  are  due  to  the  absorptive  action  of  their 
atmospheres,  and  compares  it  with  the  two  following  facts :  (1)  The  color 
of  a  solid  body  cooling  would  as  it  cooled  pass  through  the  shades  tckite, 
1/ellow,  orange,  red,  but  not  through  green,  blue,  or  purple.  (2)  We  do  not 
find  isolated  stars  of  decided  green,  blue,  or  purple  colors.  A  few  sucb 
liavH  been  recorded,  but  in  most  cases  erroneously.  In  general  such 
stars  are  small,  and  apparently  invariably  associated  with  larger  stars. 
That  is,  the  isolated  stars  appear  always  of  the  colors  which  would  arise 
in  the  cooling  of  solid  or  liquid  masses,  and  never  as  if  necessarily  snr- 
rounded  with  absorptive  atmospheres — i.  e.,  never  decided  violet  or 
purple. 

Professor  PiCEEBma  has  published  a  paper  on  the  Actual  Dimen- 
sions of  the  Fixed  Stars,  in  which  the  hypothesis  that  stars  ureof  equal 
intrinsic  brilliancy  is  made  the  basis  of  computation.  While  this  hypoth- 
esis is  perhaps  as  little  objectionable  as  any  general  one  that  can  be  made, 
it  still  leads  to  conclusions  which  cannot  be  at  once  aecepted,  as  has 
been  shown  by  Professor  Holden  in  a  paper  extending  Professor  Pice- 
being's  work. 

Variable  starg. — For  some  years  it  has  been  generally  received  that 
the  star  Alpha  Uraee  Majoris  periodically  changed  its  color  from  yellow 
through  red  to  orange,  etc.,  every  thirty-two  days.  This  supposed  dis- 
covery was  made  in  1867,  by  Klein,  and  has  been  confirmed,  or  at  least 
not  disproved,  by  several  subsequent  observers. 

This  question  is  now  tolerably  well  settled  by  SIfarie,  who  lias 
chosen  three  other  stars  to  observe  simultaneously  with  this.    He  has 
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shown  that  the  variations  in  a  Ursa  are  no  greater  than  in  the  case  of 
these  three  stars,  which  are  pretty  certainly  constant  In  color,  and  he 
gives  it  as  his  opinion  that  a  Urase  most  be  coosidered  also  as  of  a  con- 
stant eolor,  unless  we  are  willing  to  admit  that  all  stars  are  variable  in 
tint  in  short  periods  of  time.  This  resnlt  is  of  more  importance  than  at 
first  sight  appears,  as  we  have  now  no  well  authenticated  ease  of  varia- 
tion of  color  separate  fVom  variation  in  brilliance. 

Dr.  Gtld^,  of  Stockholm,  has  recently  published  a  mathematical 
Investigation,  in  which  he  shows  the  possibility  of  explaining  the  ob- 
served variation  in  tl\p  light  of  stars  npon  pnre  mechanical  principles. 
He  takes  as  a  basis  the  idea  that  the  sorikices  of  each  stars  are  covered 
in  parte  with  a  kind  of  crost  or  slag,  which  gives  oat  less  hght  ttian  the 
remaining  parts  of  the  surface,  which  are  glowing.  Further,  he  sup- 
poses these  stars  to  be  rotating  on  their  axes,  and  he  shows  that  such  a 
rotation  will  account  for  all  the  phenomena,  particularly  as  the  axis  oi 
rotation  will  itself  be  changed  from  time  to  time  by  the  different  dispo- 
sition of  the  floating  masses  on  the  surface.  It  is  noteworthy  that  the 
possibility  of  such  an  explanation  was  first  suggested  by  Sir  William 


A  new  det^^nination  of  the  incUnation  of  the  ecliptic  is  contained  in 
the  doctor-dissertation  by  B.  F.  tan  de  Sande  Bakhtjtzbn,  of  the 
Leiden  Observatory.  The  author  discusses  the  declinations  of  the  sua 
observed  in  Leiden  in  the  years  1864-'76,  and  enters  into  all  details  re- 
lating to  the  instrument  used,  etc.  He  finds  that  the  in(dination  for 
1870  as  given  in  Letgbbieb's  tables  should  be  diminished  by 'about 
0",30.  This  resnlt  agrees  well  with  Oppolzbb's  inclination  for  1816 
brought  down  to  1870,  with  a  secular  diminution  as  found  by  means  of  _ 
the  latest  values  of  the  planetary  masses. 

A  review  of  the  new  or  modified  theory  of  the  constitution  of  the 
sun,  proposed  by  Dr.  Hastinos,  is  necessarily  postponed  for  want  of 
the  necessary  space  to  detail  his  arguments.  It  may  t>e  briefly  said, 
however,  that  no  theory  of  the  sun's  constitution  previously  proposed  can 
accoant  for  all  the  &cts  otboth  spectroscopic  and  telescopic  ot>servation; 
and  it  is  claimed  by  Dr.  Hastings  with  good  show  of  reAson  that  his 
hypothesis  does  this  satisfactorily.  It  was  pubhshed  in  the  American 
Journal  of  Science,  and  will  doubtless  receive  the  consideration  asked 
for  it. 

Bun  parallax. — Several  determinations  of  the  solar  parallax  have  been 
lately  published.  From  his  observations  of  Mars,  made  at  Ascension 
Island  in  1877,  Mr.  GiLL  finds  tt  =  8",78  {M.N.  June,  1879).  At  the  same 
opposition  Mr.  Maxwell  Hall,  in  Jamaica,  made  similar  observations 
of  the  displacement  of  Mars  in  B.  A.  (Mem.  B.  A.  B.,  XLIY.)  He  used 
an  equatorial  of  fonr  inches  ap^ture.  Mr.  Hall  has  carefully  reduced 
S.  Mis.  31 ^13  (     ..-,1, 
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his  observations,  and  tlie  resulting  parallax,  S".^&,  indicates  tbat  Tal- 
nable  results  may  be  obtained  by  this  metliod  by  small  instruments. 

Observations  of  the  declination  of  Mars  made  in  1877  at  Leyden  and 
Melbourne  have  been  used  by  Mr.  DowMma  to  find  a  value  for  tbe  solar 
parallax.  The  result  is  8".96  (A.  If.  22S3).  It  is  remarkable  how  well 
this  agrees  with  Stone's  and  Winnkokb's  results  from  the  opposition 
of  1862  (8".93  and  8".96). 

Vol.  1,  part  3,  of  the  "Astronomical  Papers  prepared  for  the  use  of 
the  American  Ephemeris  and  Nautical  Almanac,"  containing  the  experi- 
ments upon  the  velocity  of  light,  made  by  MastA'  A.  A.  Michelson, 
U.  S.  N.,  has  just  been  published.  His  method  of  investigatiou  (an  im- 
proved form  of  Fouoault's  method)  is  described  in  the  section  on 
"  Physics." 

The  final  value  for  the  velocity  of  light  t»  vacuo  ia  299,944  ±  51  (in 
air,  299,864),  or,  in  round  numbers,  299,940  kilometers  per  second  = 
186,380  miles  per  second,  the  remarkably  small  error,  ±  51  kilometers, 
being  composed  of  the  total  constant  error  in  the  most  unfavorable  case, 
and  the  probable  errors  of  observation.  This  gntuitity,  ±  61  kilometers, 
cannot  be  said  to  express  the  probable  error  of  the  determination,  in  the  - 
ordinaryacceptauceof  the  term;  combining,  as  itdoes,  accidental  errors, 
strictly  speaking,  and  estimated  constant  errors. 

These  experiments  were  made  by  Master  Miohblsoh  at  the  Naval 
Academy,  Annapolis,  at  private  expense,  and  to  him  the  entire  credit 
is  due.  A  new  determination  of  the  velocity  of  light,  embodying  es- 
sentially the  same  arrangement,  but  with  more  elaborate  aud  expensive 
apparatus,  has  been  completed  by  Professor  Nbwoomb,  superintendent 
of  the  Nautical  Almanac;  and  this  combined  with  a  revised  constant 
of  aberration,  will  give  the  best  valne  of  the  Solar  Parallax. 

Transit  of  Venus  December  6, 1882. — The  Astronomer  Eoyal  has  pointed 
out  the  best  stations  t»  be  occupied  for  observations  of  the  next  Transit 
of  Venus. 

IngresK  accelerates,  can  be  well  observed  in  Cape  Colony,  Aftica.  Mr. 
Gill  will  soon  determine  his  longitude  telegraphically. 

Ingress  retarded  should  be  observed  in  the  West  Indies.  These  longi- 
tudes have  been  determined  already  by  officers  of  the  United  States 
Navy. 

Egress  aoeeterated  m^Y  \ie  observed  at  the  West  India  stations  and 
along  the  east  coast  of  the  United  States. 

Egress  retarded:  Stations  in  New  Zealand  are  best  suited,  although 
Australian  stations  will  serve. 

SOLAS  ECLIPSES. 

Professor  Newcomb  has  published  a  paper  "  On  the  retftirrence  of 
Solar  Eclipses,  with  Tables  of  Eclipses  from  B.  o.,  700  to  A.  n.  2300" 


t,L.ooglc 


ASTRONOMY.  195 

(Washington,  1879,  Ito).  The  theory  is  founded  on  two  Femarkable  and 
hitherto  unnoticed  chance  relations  connected  tdth  the  Saros.  This 
cycle  takes  account  only  of  the  mean  motions  of  the  Son  and  Moon,  bat 
in  copsequence  of  the  eccentricity  of  the  orbits  the  Son  may  be  2°  on 
either  side  of  its  mean  place,  and  the  Moon  5°,  The  relative  position  of 
the  two  bodies  may  therefore  vary  7°  from  their  mean  position  at  any 
time,  and  recurring  eclipses  might  be  expected  to  diflfer  widely  from  the 
predicted  time,  or  might  not  occur  at  alL  But,  as  a  matter  of  fact,  this 
is  not  the  case,  the  iiregnlarities  being  reduced  almost  to  nothing  by 
the  following  remarkable  relations.  At  the  end  of  a  Saros,  not  only 
are  the  Bon,  the  Moon,  and  the  node  found  nearly  In  their  original  rela- 
tiOD,  bat  the  mean  anomaly  of  the  Moon  happens  to  have  the  same  valae 
to  less  than  3°,  and  the  mean  anomaly  of  the  Sun  to  about  12o.  There- 
fore, not  only  the  mean  place  of  the  Moon,  bat  all  its  larger  inequalities, 
will  retora  nearly  to  their  original  values  at  the  end  of  the  period.  This 
will  hold  true,  not  only  with  respect  to  the  time  of  the  echpae,  but  also 
with  respect  to  its  character,  as  the  parallax  and  semi-diameter  of  Che 
Moon  must  also  return  nearly  to  their  original  values.  On  account  of 
the  retrocession  of  28'.6  in  the  the  argument  of  latitude  in  each  cycle, 
the  corresponding  eclipses  in  successive  cycles  are  subject  to  a  progres- 
sive change.  A  series  of  such  eclipses  commences  with  a  very  small 
eclipse  near  one  pole  of  the  earth ;  gradually  increasing  for  about  eleven 
recurrences,  it  will  become  central  near  the  same  pole.  Forty  or  more 
central  eclipses  will  then  recur,  the  central  line  moving  slowly  towards 
the  other  pole.  The  series  will  then  become  partial,  and  finally  cease  • 
altogether.  The  entire  duration  of  the  series  will  be  more  than  a 
thousand  years,  and  a  new  series  commences  on  an  average  at  intervals 
of  thirty  years.  All  eclipses  may  therefore  be  divided  into  sets,  the 
separate  eclipses  of  each  set  being  separated  by  intervals  of  one  18-year 
cycle,  and  extending  throogh  sixty  or  seventy  cycles.  Moreover,  from 
the  elements  of  the  central  eclipse  of  each  set  those  of  any  otiier  of  the 
same  set  may  be  readily  found  by  applying  the  changes  corresponding 
to  the  number  of  intervals  which  separate  it  from  the  central  one.  Th  is 
circumstance  Prof.  Nbwoomb  has  utilized  to  form  a  series  of  tables 
which  give  at  once  the  circumstances  of  any  echpse  between  B.  0.  700 
and  A.  D.  2300. 

Fketiamena  attending  Solar  eelipaes. — The  whole  subject  of  tiie  charac- 
teristics of  solar  eclipses  is  in  so  undecided  a  state  that  even  those  who 
are  most  famiUar  with  it  are  couscious  of  their  incomplete  knowledge 
of  the  data.  A  general  review  of  the  evidence  on  special  points  haa 
been  well  nigh  impossible.  Like  all  comparatively  new  problems,  the 
different  branches  of  the  research  have  been  developed  in  quite  an 
irr^^olar  way.  On  some  bnes  of  research  onr  knowledge  is  very  cou- 
Biderable;  on  others,  we  have  scarcely  any  trustworthy  information. 

This  was  specially  a  hindrance  in  the  study  of  the  phenomena  of  aolaT 
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edipses,  beoanse  it  is  jast  bere  tliat  we  may  hope  for  atriliing  advances 
witbin  a  few  years.  And  it  is  necessary,  in  order  to  plan  our  fiitore 
work,  to  know  what  has  already  been  settled,  and  along  what  lines  of 
study  results  are  to  be  aonght.  A  recent  publication  of  Sir.  Bamyab.d's, 
on  the  phenomena  of  "  Solar  Eclipses,"  is  intended  to  meet  these  difiS- 
culties.  Mr,  Bakyabd  has  collected,  in  Vol.  XLl  of  1^e*'Memours  of  the 
Boyal  Astronomical  Society"  (792  pages,  IS  plates,  and  a  great  number 
of  wood  cuts)  all  the  accounts  of  solar  eclipses  which  have  been  pub- 
lished firom  the  earliest  times  up  to  1878.  Each  account  is  cat  up  into 
parts,  as  it  were,  and  the  matter  of  each  part  is  inserted  in  its  proper 
chronological  order,  nnder  one  of  forty-fonr  he  adings,  chosen  by  Mr. 
iBunrABD  with  great  care.  Each  heading  constitutes  a  chapter,  and 
the  chapters  are  arranged  abont  in  the  order  in  which  the  phenomena 
of  which  they  treat  occur.  Thus  the  chapters  relatiug  to  the  phenomena 
near  flrot  contact  have  for  titles:  Chapter  Vll.  "The  Cnsps  of  the 
Solar  Orescent  seen  as  colored."  Chapter  YIII.  **  The  Moon  seen  as  red 
before  TotfJity."  Chapter  IX,  "  Shadow-Bonds ; "  etc.,  etc.  Perhaps  the 
most  important  chapters  aro  numbered  XLI,  XLII,  XLIII,  XLTY;  On 
"The  Brightness  of  the  OoTOna,"  on  " Polaroscopic  and  Spectroscopic 
Observations,"  and  on  "Photographs  and  Drawings  of  the  Corona," 
.  respectively.  The  last  chapter  consists  of  238  pages,  and  contains  a 
reproduction  of  every  important  modem  drawing,  A  very  good  feature 
of  the  wood  cuts  is  that  the  axis  of  the  snn  is  made  vertical  on  the  page, 
and  the  san's  vertex  is  marked  also.  The  plates  relate  to  the  spectnuu 
of  the  corona,  etc.,  and  to  the  photographs,  etc.,  of  the  totfd  phase. 
We  are  glad  to  notice  that  due  credit  is  here  given  to  Dr.  BusoH,  who 
first  took  a  dagnerreotype  of  the  corona  in  1851,  at  KSnigsbe^.  The 
very  varied  material  contained  in  the  volume  is  made  available  by  an 
elaborate  snbject  and  author  index,  and  the  chief  problems  which  Mi. 
Bantabd  set  to  himself  are  resolved.  These  were :  1.  To  give  in  the 
order  of  time  all  of  the  important  observations  on  each  Of  t^e  main 
topics  of  stndy ;  2.  To  enable  the  work  of  any  particular  individual  to 
be  examined;  and,  3.  To  enable  each  solar  eclipse  to  be  studied  by  itself 
if  desired. 

The  work  has  required  about  nine  years  for  its  preparation,  and  is 
practically  complete.  We  have  simply  to  add  to  the  data  lAere  given, 
and  need  never  go  back  of  it.  In  general  there  is  no  complete  discussion 
of  the  results  to  be  derived  ftom  each  chapter,  and  this  reserve  seems 
wise,  tn  some'cases  the  necessary  conclusions  are  pointed  out,  always, 
it  seems,  with  moderation.  It  is  an  unfortunate  consequence  of  this  kind 
of  semi-bibliographical  work  that  it  will  be  severely  criticised.  Each 
chapter  will  appear  inadequate  to  t^e  specitdist  in  the  snbject  of  which 
it  treats.  There  can  be  no  donbt  but  that  Mr.  Banyabd  has  saeoeeded 
in  his  most  difficult  task,  and  that  this  publication  will  ibnmd  the 
solation  of  the .  most  important  questions  involved,  in  a  vety  marked 
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•way.  The  work  comes  at  exactly  tbe  right  time,  and  satis&ctorily  fills 
its  place. 

A  very  elaborate  paper  on  the  polarization  of  the  corona,  by  Dr. 
ScHUSTEB,  is  pablished  in  the  M.  N.  for  December,  1876.  This  paper 
shows  bow  combined  measures  of  the  polarization  at  different  distances 
firom  the  Sun,  and  of  the  decrease  in  intensity  of  the  total  light  of  the 
corona  with  increasing  distance  from  the  Sun,  may  inform  us  in  what 
way  the  scattering  matter  is  distributed  in  the  solar  atmosphere,  what 
part  of  the  light  sent  out  by  the  corona  is  due  to  scattering  matter,  and 
whether  the  latter  is  projected  oatwards  from,  or  is  Mling  into  the  Sun 
&om  outside. 

Mr.  Leonard  Waldo  has  published  a  report  on  the  observations  of 
the  solar  edipse  of  July,  1878,  made  at  Fort  Worth,  Texas,  by  a  party  of 
which  he  was  the  leading  member.*  An  attempt  was  made  to  obtain 
photographic  evidence  of  the  polarization  of  the  corona  by  inserting  a 
donble-image  prism  between  the  lenses  of  a  camera.  The  photographs 
obtained  in  this  way  were  examined  by  Prof.  PiOKSBiNa,  who  found 
inequalities  in  them,  which,  as  t^  as  they  go,  tend  to  indicate  tangential 
polarization ;  bat  in  the  opinion  of  Dr.  Hastings  the  evidence  is  not 
condasive.  The  inner  corona  was  seen  by  Mr.  Sbagbave  about  30*  be- 
fore totality.  Mr.  Pulsifeb,  using  a  ten-prism  spectroscope  attached 
to  a  four-inch  Clabe  retractor,  and  keeping  the  slit  tangential,  observed 
the  reversal  of  the  Franenhofer  hues  at  the  commencement  of  totality. 
From  the  length  of  these  lines,  which  only  reached  one-tiiird  across  the 
spectrum,  the  tangential  thickness  of  the  reversing  layer  was  found,  and 
&om  this  Mr.  PuLSiPEB  infers  its  minimum  height  above  the  photo-  ■ 
sphere  to  be  521  miles.  The  0  line  was  not  shortened  like  the  others, 
but  extended  right  across  the  spectmm. 

The  Naval  Observatory  at  Washington,  has  pubUshed  the  reports 
relating  to  the  total  solsw  eclipses  of  1878  and  1880  in  a  large  4" 
■  volume  of  416  pp.,  accompanied  by  25  wood  cats  of  drawings  made 
by  observers  and  30  chromohthographed  plates.  This  important  vol- 
ume has  been  edited  by  Prof.  Habknkss,  who  has  provided  a  com* 
plete  iudex  of  persons  (4  pages)  and  index  of  subjects  (6  pages),  besides 
a  table  of  contents  of  9  pages.  It  is  worth  while  to  mention  these 
indexes,  because  their  presence  seems  to  be  an  indication  that  men 
of  science  are  beginning  to  avail  themselves  of  devices  which  have 
long  been  considered  indispensable  to  even  the  simplest  literary  per- 
formance, and  which  in  the  nature  of  things  are  still  more  necessary  to 
technical  and  scientific  writings.  This  special  work,  however,  deserves 
a  careful  review  for  many  reasons,  principally  in  that  it  is  decidedly  the 
most  importfmt  contribution  which  has  ever  been  made  to  the  literature 
of  any  single  eclipse,  not  excepting  the  memoirs  of  Be  LA  Bub,  of  La- 
MOST,  and  the  report  of  the  AnstrianGomniissioa  on  the  Aden  eclipse. 


■  Cambridge,  Mtwa.  (J  WUson  and  Son),  1879.    4ta. 
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Bie  solar  eclipse  of  1S78  is  uoteworQiy,  sioce  it  waa  visible  over  a  large 
portion  of  civilized  country,  each  part  of  which  it  was  easy  to  reach  by 
cheap  transportation.  The  Congress  of  the  United  States  also  placed 
the  Bom  of  $8,000  at  the  disposition  of  the  Naval  Observatory,  which 
was  expended  in  providing  the  necessary  instruments  and  in  placing 
mei^  and  inatrnments  in  the  proper  field.  The  expenses  of  27  observ- 
ers— mostly  astronomers  at  varions  nuiversities  or  colleges — were  paid, 
wholly  or  in  part^  from  this  earn.  This  governmental  action  is  note- 
worthy in  the  history  of  the  conntry,  as  indicating  the  means  by  which 
alone  government  aid  to  science  can  be  afforded  nnder  onr  tbrm  of  ad- 
ministration, and  it  would  seem  that  the  question  of  the  "endowment 
of  research,"  which  has  been  agitating  (}reat  Britain,  has  here  been 
quietly  solved.  The  Naval  Observatory  accounted  to  the  Treasury  for 
the  money,  and  the  funds  were  spent  in  placing  its  own  pEuiiea  and 
those  headed  by  all  the  eminent  astronomers  of  the  country  in  the  field, 
and  under  its  auspices  liberal  arrangements  with  the  customs  depart- 
ment and  the  railways  were  made  for  the  benefit  of  foreigners. 

To  come  to  the  most  important  partictUara  of  the  volume  before  us: 
It  is  preceded  by  the  elaborate  Instructions  to  Observers,  compiled  by 
Prof.  Habknebb,  of  which  it  may  be  said  that  it  is  the  most  complete, 
and  on  the  whole  the  most  satisfactory,  which  we  have.  Guided  by 
these  instrnctious,  the  amateur  observers  prepared  their  sketches  of  the 
corona  and  made  their  observations. 

In  previous  eclipses  the  priacipal  point  to  be  noted  in  regard  to  such 
sketches  has  been  that  each  sketch  differed  so  much  from  every  other 
that  only  a  knowledge  of  the  circumstances  under  which  they  were 
made  could  allow  one  to  believe  that  they  were  representations  of  the 
same  phenomenon.  Here,  however,  so  many  sketches  were  made,  each 
one  readily  comparable  with  the  photographs  made  by  the  parties  of 
Professors  Hall,  Habkness,  and  Hold£N,  that  for  the  first  time  a 
kind  of  order  can  be  evolved  from  what  has  previously  been  hut  chaos. 
The  photographs  serve  always  as  a  standard,  and  it  is  seen  that  each 
sketch  represents  (and  exaggerates)  one  or  more  special  features,  the 
other  features  remaining  unnoted.  Thus,  by  combining  the  whole  set 
a  very  fair  general  representation  can  be  had.  This  is  one  most  impor- 
tant lesson.  The  photographs  themselves  are  of  the  highest  excellence. 
The  parties  of  Prof.  Hall  and  of  Prof.  Haeknbss  were  provided  with 
complete  outfits,  and  each  secured  a  series  of  photographs  of  exposures 
varying  from  3  to  60  seconds.  The  pictures  with  the  shortest  expos- 
ures give  the  details  of  the  corona  near  the  Snn ;  those  of  longer  ex- 
posures giving  details  ftu^ht-r  out.  In  these  latter  pictures  the  inner 
corona  is  much  over-exposed,  and  its  details  are  thus  lost;  but  by  a 
combination  of  the  set  the  whole  can  be  built  up  out  to  the  distance 
of  20*  from  the  Sun's  edge. 

A  single  photograph  was  taken  by  Pro£  Holden's  party,  which  ad- 
mirably supplements  the  others,  as  it  begins  where  the  others  leave 
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off  and  carries  tbe  picture  of  the  corona  out  to  60'  from  the  Sun's  limb. 
Thns  the  pictures  made  by  the  Naval  Observatory  parties  cover  the 
whole  ground,  and  are  far  more  complete  than  those  of  any  previona 
eclipse.  They  are  not  adequately  discussed,  however,  in  the  volume  be- 
fore as,  which  is  the  leas  excusable  aa  Mr.  Bajiyabd  in  his  recent  work 
on  Solar  Eclipses  has  given  a  practical  example  of  how  such  work  should 
bedon& 

Some  idea  of  the  fullness  with  which  these  collected  reports  treat 
nearly  everything  which  can  be  made  the  subject  o(  observation  may  be 
had  by  a  glance  at  the  subject-index.  For  example,  the  contacts  were 
observed  at  over  twenty  stations  by  more  than  twenty-five  observers. 
Bescriptions  of  the  corona  are  given  on  thirty-uine  different  pages,  and 
these  do  not  include  the  thirty  or  more  drawings.  ^Nearly  every  one  ot 
the  phenomena  is  attested  by  more  than  one  observer  of  the  many  en- 
gaged. Thns  the  corona  was  seen  before  or  after  totality  at  six  stations. 
Ten  persons  swept  in  the  vicinity  of  the  Sun  for  the  discovery  of  Vnl- 
can.  Prof.  Watson  reports  the  discovery  of  two  planets,  Mr,  Swipt 
that  of  two  different  ones,  making  four  in  all,  seen  or  suspected.  The 
report  shows  that  foar  persons  swept  over  the  place  of  Watson's  {a) 
without  seeing  any  planet  there,  and  four  also  swept  over  the  place 
of  Swift's  two,  also  without  seeing  them.  In  all  these  caaea  the  tel- 
escopes were  of  adequate  power  to  have  shown  the  objects  of  Watson 
and  Swift. 

The  main  results  of  the  eclipse  of  1S78  may  be  anmmed  ap  much  aa 
follows : 

The  connection  between  the  activity  of  the  Sun's  surface,  as  evinced 
by  the  number  and  size  of  tbe  spots  and  protuberances,  and  the  nature 
of  the  corona,  has  been  again  shown.  The  corona  in  ISTS  waa  far  sim- 
pler in  general  character  than  those  of  1869  and  1870.  It  was  observed 
to  extend  to  a  much  greater  distance  from  the  Sun  in  this  eclipse  than 
in  any  other,  but  this  is  probably  due  to  specially  advantageous  circum- 
stances. Professors  Newcoub  and  Langlet  both  observed  the  corona 
with  tbe  naked  eye,  extending  5°  or  6°  from  the  Sun's  center.  There  is 
much  difference  of  opinion  as  to  the  brightneaa  of  this  corona;  it  prob- 
ably was  not  materially  fainter  than  that  of  1869.  Photometric  observa- 
tions were  made  at  Pike's  Peak  upon  this  point,  but  there  are  no  earlier 
observations  easily  comparable.  The  most  important  point  of  difference 
between  the  coronas  of  1869  and  1878  was  in  their  spectra.  The  bright 
lines  due  to  the  gaseous  parts  were  conspicuous  in  1869,  while  in  1878 
they  were  so  feint  as  only  to  be  seen  by  a  few  observers,  thoagh  these 
lines  were  undoubtedly  present.  A  continuous  spectrum  was  aeen  by 
most  spectroscopic  observers.  The  1474  line  was  seen  at  the  beginning 
and  end  of  the  eclipse,  but  only  a  few  observers  sawitduringthewhola 
of  totality.  Pro£  EASTilAN  traced  this  line  all  round  the  Sun,  find- 
ing it  equally  bright  at  equal  distances  from  the  center,  and  what  Is  re- 
markable, finding  no  defect  in  the  brightness  of  this  line  in  the  points 
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■where  absolutely  no  corona  was  visible  to  the  naked  eye  or  to  photo- 
graphs. So  new  bright  lines  were  visible  in  the  coronal  spectmrn.  A. 
new  line  (K,  534)  in  the  chromosphere  was  discovered  by  Prof.  EOCK- 
wooD,  who,  as  well  aa  Prof.  TouNG,  saw  both  lines  brightly  reversed. 
Prof.  Babkbe  and  others  saw  the  Prauenhofer  lines  (dark)  in  the  cor- 
onal speotrnm ;  they  were  very  fstint.  The  polarization  of  the  corona 
was  observed  by  several  parties.  The  photographic  observations  of  Pro- 
fessors Habknkss  and  Wright  show  it  to  be  radial  in  direction.  Prof. 
Hasting's  eye  observations  give  tangential  polarization.  Such  are  the 
main  fects  of  observation  to  be  derived  firom  the  volume  in  question.  It 
is  yet  too  soon  to  state  the  bearing  of  these  facta  upon  existing  theories 
or  to  deduce  any  general  conclusions  firom  them. 


The  following  comets  were  visible  in  1879: 

A.  Bkobser's  periodic  comet  was  first  seen  by  Tkufel  on  January 
14,  and  on  February  26  by  Tbbbuit.  It  passed  the  periheUoa  on  March 
30,  and  was  observed  till  the  end  of  May.  It  was  found  more  than  a 
month  earlier  than  Dr.  Schulze's  ephemeris  commenced. 

B.  Tempel's  periodic  comet  was  first  seen  by  him  on  April  24,  and  was 
observed  until  the  end  of  June.  It  passed  the  perihelion  on  May  7,  ac- 
cording to  Mr.  Raoul  GADirEB's  elements. 

C.  Swift  found  a  pretty  bright  comet  on  June  16,  which  was  inde- 
pendently discovered  by  Winneckb  on  June  21.  It  waa  observed  till 
AugDst  23. 

D.  Palisa  discovered  a  pretty  bright  comet  on  August  21,  which  was 
seen  as  late  as  October  12  (the  date  of  the  perihelion  passage). 

E.  Anothercomet  was  first  seen  by  Hajitwig  on  August  24.  The  last 
observation  seems  to  be  from  September  14. 

The  spectrum  of  Beoesen's  comet  appeared  this  year  very  different 
from  what  it  was  in  1863.  It  consisted  of  three  bands,  the  central  one 
the  brightest,  and  the  least  refrangible  one  exceedingly  faint.  The 
wave-lengths  as  determined  by  YouNG,  were  468±2, 517±  1,  and  558±  3. 
The  abnormal  character  of  the  spectrum  in  1S68  (which  only  one  other 
comet,  that  of  Bo  eellt,  c.  1877,  has  exhibited),  has  therefore  disap- 
peared, and  the  comet  has  now  the  ordinary  spectrum.' 

The  following  comets  were  visible  in  1880; 

Comet  A,  1880,  was  first  seen,  probably,  at  the  Cape  of  Good  Hope, 
February  1.  It  has  been  usnally  spoken  of  as  the  Great  Southern  Comet. 
Dr.  B.  A.  Gould,  of  Cordoba,  Argentine  Bepublic,  says:  "  It  was  bright- 
est February  7  or  8,  when  its  length  was  40°  and  its  breadth  Ijo,  but 
its  brightness  not  superior  to  that  of  the  Milky  Way  in  Taurus."  An- 
other observer  says  :  "The  portion  of  the  tail  visible  was  about  34°  in 
length  and  2°  in  width,  its  long,  straight,  narrow  form  resembling  the 
-Yoimg,  N.  iix.559,  Oba.  III.  56,  Chriatia  TS.  ii.  ^.qooIc 
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one  of  1813,  whicb  I  remember  well,  altbongh  it  was  inferior  in  length 
and  brilliancy  to  that  fiimoaa  comet."  February  i  the  bead  of  the  comet 
was  3  minutes  of  arc  in  diameter,  as  reported  by  Dr.  Goxjld,  who  also 
computed  the  elements  of  its  orbit  and  fonud  tiiem  to  agree  well  with 
those  cotnpnted  by  Hind.  The  elements  of  the  orbit  of  this  comet 
agreed  very  closely  with  the  one  of  1843.    They  are  compared  below: 

mud,  1880. 

Per.  pass January  27,  6,027,  G.  M.  T. 

Long,  per  .■. 279  deg.  6  min.  8  sec 

Iiong.  node 4  deg.  1  min.  9  sec. 

Inclination 35  deg.  39  min.  8  aec. 

Per.  dist 0.0059390. 

Motion Betrograde. 

Comet  1843. 

Per.  pass February  27, 

Long,  per 278  deg.  35  min.  1  sec.     ' 

Long,  node 1  deg.  20  min.  6  sec. 

Inclination 35  deg.  39  min.  2  sec. 

Per.  dist 0.005511. 

Motion Retrograde. 

Mr.  Hind,  in  communicating  these  results  to  the  Astronomer  Boyal 
of  England,  says:  "Can  it  be  possible  that  there  is  such  a  comet  in  the 
system  almost  grazing  the  Son's  surface,  in  perihelion,  and  revohing  in 
less  than  thirty-seven  years  1  I  confess  I  feel  a  ditftculty  in  admitting 
it,  notwithstanding  the  above  extraordinary  resemblance  of  orbits.'* 
The  appearance  of  this  great  comet  has  again  revived  the  discossions 
of  a  resisting  medium  in  space.  Prof.  Oppolzeb,  of  Vienna,  has  pub- 
lished recenUy  two  important  papers  on  this  theme.  Th.  Bbbdiohin, 
of  Moscow  Observatory,  Bnssia,  has  eompated  the  nnmerical  value  of 
the  repulsive  force  necessary  to  produce  the  enormous  tail  of  this  comet, 
and  finds  it  to  belong  to  the  same  type  of  those  of  1680, 1744, 17C9.  I 
am  not  aware  that  any  observations  by  the  spectroscope  were  had  dur- 
ing the  late  appearance  of  this  comet. 

Comet  B  was  discovered  by  J.  M.  Schabbeblb,  assistant  at  the  Ann 
Arbor  Observatory,  April  6,  and  its  train  was  easily  seen,  and  was  three 
minutes  in  length.  On  the  16th  it  was  brighter  and  larger.  Elements 
of  its  orbit  were  computed  by  Sappoed,  Holetschek,  BiaousDAN. 

Mabtin's  elements  of  this  comet  are  in  close  agreement  with  the 
above. 

Comet  C  is  Fate's  short-period  comet.  It  was  seen  by  Mr.  Common, 
of  England,  August  2.  It  was  then  extremely  faint.  The  periodic  time 
of  this  comet  is  7.413.  It  was  found  by  the  aid  of  an  ephemeris  pre- 
viously computed. 

Comet  D  was  discovered  by  Dr.  Eabtwig,  at  Strassbnrg,  September 
29.  and  also  independently  announced  by  Fro£  HABEmaTOiT,  of  Ann 
Arbor,  September  30,    It  was  a  bright  comet,  j  ust  visible  to  the  naked 
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eye.  "Prof.  Wiknbokb  finds  that  this  comet  may  b6  ideatical  with 
the  comet  of  1382, 1414,  and  1569,  as  well  aa  that  of  1506,  and  he  la  led 
to  saggeat  a  period  of  sixty-two  and  one-third  years  as  probable." 

The  spectrum  of  this  comet  was  observed  by  Konkobt,  Backhouse, 
and  Toting.  It  gives  fonr  bright  lines,  whose  wave-lengths  are,  re- 
spectiTely,  5,609,  5,492,  5,169,  and  4,859  tenth-meters.  The  spectram, 
thoagh  faint,  was  continnoua. 

October  7, 11,  and  12,  the  spectmm  was  examined  at  Greenwich,  and 
was  foand  to  consist  of  the  three  asaal  cometary  bands,  the  brightest 
comparing  well  with  that  of  alcohol  vapor  and  that  of  the  Bunsen-bnmer 
flame. 

Comet  E  was  discovered  by  Lewis  Swift,  of  Warner  Observatory, 
Bochest^T,  N.  Y.,  October  10.  It  reached  its  maximum  brightness  No- 
vember 16 ;  presented  au  ill-dellned  disk  several  minutes  in  diameter. 
The  particular  featore  of  interest  attending  this  telescopic  comet  is  that 
it  is  identical  with  comet  III  of  1869. 

Prof.  Feisbt,  of  the  United  States  Naval  Observatory,  has  also  com- 
puted the  elements  of  this  comet  trora  observations  by  the  Washington 
transit  circle.  The  perihelion  distance  of  the  comet  appears  to  be  a 
little  greater  than  that  of  the  earth,  and  its  aphelion  is  just  beyond 
Jupiter's  orbit.  These  planets  may  greatly  disturb  its  path  in  the 
future.    Prof.  Fbisby  makes  its  period  about  five  and  one-half  years. 

Comet  F  was  a  small  bright  telescopic  object,  one  minute  in  diameter, 
with  a  distinct  central  condensation.  It  was  discovered  by  Dr.  Pechule 
at  Copenhagen ;  elements  were  computed  by  Dr.  J.  Holetschek. 

Prof.  TouHG  observed  this  comet  December  18, 19,  and  22,  and  saw 
two  &JQt  tails.  One  direct,  as  usual,  away  th>m  the  Sun,  in  nearly 
the  opposite  direction,  and  the  other  roughly  toward  the  Sun,  though 
deflected  some  degrees  to  the  north.  The  two  streamers  made  au  angle 
of  150°  with  each  other.  "Each  was  about  thirty  minutes  long  on  the 
ISth,  and  neither  was  seen  after  the  SZd." 

The  three  periodic  comets  whose  orbits  have  been  the  most  carefully 
examined  are  Encee's,  Winneoee's,  and  Fate's.  Their  least  distances 
firom  the  Sun  are  ■^,  -^,  ^,  of  the  Earth's  distance,  respectively. 
It  is  well  known  that  Enoee's  original  researches  indicated  the  exist- 
ence of  a  resisting  medium  in  space  which,  by  opposing  the  motion  of  the 
comet  through  it,  gradually  shortened  its  period  of  revoltttion.  All  of 
Enceb's  computations  were  repeated  by  Dr.  von  Asteh,  and  liis  gen- 
eral results  confirmed.  Dr.  MoIjLEB,  of  Lund,  executed  a  like  work  for 
Fate's  comet,  and  found  no  such  change  in  its  period  and  the  concla- 
sion  was  that,  granting  the  exist«nce  of  a  resisting  medium,  it  did  not 
extend  so  far  as  one  and  a  half  times  the  earth's  mean  distance.  Dr. 
Oppolzeb  has  just  concluded  a  similar  investigation  for  WmNECEi^'S 
comet.  He  finds  that  its  motion  is  altered  in  the  same  way  as  that  of 
Encke'b  comet,  and  the  value  of  the  resisting  force  Is  found  to  be  almost 
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the  same  as  that  found  by  Encke.  Dr.  Oppolzeb  goes  farther  and 
showa  that,  granting  the  existence  of  sach  a  resisting  force,  its  effect 
upon  the  motiOB  of  Fate's  comet  would  be  so  smaU  as  to  be  confounded 
with  uncert^nties  of  the  computed  perturbations.  The  question  of  the 
existence  of  a  resisting  medium  will  be  defluitlTely  settled  by  computa- 
tions now  in  progress  upon  the  other  comets  of  short  period. 

THE   PLANBTS. 

Vulcan  (?). — A  new  attempt  to  find  an  orbit  in  accordance  with  the 
more  or  less  doubtful  obsarvations  of  dark  ronnd  spots  passing  across 
the  Sun's  disk  was  published  in  the  A.  N".  by  Herb  v.  Oppolzbk.  He 
found  a  system  of  elements  which  was  in  remarkably  good  accordance 
with  the  eight  observations  on  which  the  calculations  were  founded. 
Watson's  observation  during  the  eclipse  in  1878  was  not  among  these, 
and  the  resulting  orbit  made  "Yulcan"  at  that  moment  be  7°  preceding 
the  Sun.  A  nearly  central  transit  ought  to  have  taken  place  on  March 
18,  lS7d,  but  nothing  was  seen,  though  many  telescopes  were  directed 
to  the  Sun  that  day. 

In  No.  2253-64  of  the  A.  N.  Dr.  0.  H.  F.  PETEES  has  published  a 
long  article  entitled  "  Some  critical  remarks  on  so-called  intra- Mercurial 
Planet  Observations."  In  the  first  part  of  this  article  the  writer  con- 
Biders  at  length  the  observations  made  during  the  eclipse  of  July  29, 
1878,  by  Watson  and  Swift,  of  two  unknown  objects  southwest  of 
the  Sun.  The  fact  that  the  line  between  the  two  stars,  called  a  and 
b  by  Prof.  Watson,  is  almost  parallel  and  equal  in  length  to  the  hne 
between  e  and  C  Caneri,  joined  t«  the  small  size  of  the  improvised  circles 
of  the  instrament,  appears  to  him  to  prove  beyond  doubt  that  the 
objects  seen  were  nothing  but  the  stars  d  and  C  Gancrl.  The  constant 
error  of  about  3",  which,  under  this  supposition,  would  affect  the  E. 
A.S  of  a  and  b,  he  explains  by  the  different  circumstances  under  which 
tiie  circle  markings  were  made  for  the  stars  and  for  the  Sun;  in  the 
former  case,  in  semi-darkness  and  in  a  hurry;  in  the  latter  case,  in  full 
daylight  and  with  leisure.  Possibly,  also,  tiie  markings  were  made  at 
the  same  side  of  the  wire-pointer,  thus  creating  a  parallax  of  ^'^  or  ^  of 
an  inch.  Mr.  Swift's  observation  is  treated  more  summarily  by  Prof. 
Petebs,  who  thinks  the  confusion  and  successive  gradations  in  his 
statements  must  deprive  every  reader  of  confidence  in  them. 

To  this  criticism  Prof.  Watson  has  given  an  indignant  reply  in  No. 
2263  of  the  same  journal.  He  denies  fiatly  that  his  wire-pointers  were 
as  easily  bent  as  supposed  by  Prof.  Peters,  and  feels  confident  that 
the  probable  error  of  5',  assigned  by  himself,  is  rather  too  large  than  the 
reverse ;  the  20*  of  Prof.  Peters  he  considers  perfectly  absurd.  There 
is  only  one  of  Prof.  Petees's  objections  which  he  did  not  answer;  ho  did 
not  state  whether  he  saw  a  and  O  Caneri  at  the  same  time  or  not  in  this 
paper.  This  seems  to  be  the  crucial  point  of  the  whole  question,  and 
Prof.  Watson,  in  his  report  to  the  Naval  Observatory,  baa  distinctly 
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stated  this.  Mr.  Swift  lias  also  replied  in  the  A.  F.  2277.  He  had, 
immediately  after  the  eclipse,  informed  the  other  observers  near  him 
that  he  had  seen  two  objects  with  sensible  (thoagh,  he  acknowledged, 
sparious)  disks  about  3°  S.  W.  of  the  Sno,  12'  apart  Later  on  he 
changed  this  estimate  to  7'  or  8'  in  a  letter  to  Ifattire  {rviii,  p.  539),  in 
which  he  made  a  cnrioua  mistake,  patting  S*  =  2=.  Prof.  PETBES  c£m 
hardly  be  blamed  for  having  felt  snspicious  at  all  this  confusion,  or  for 
having  made  little  of  Mr.  Swift's  comparison  of  the  distance  between 
Mizar  and  Alcoc,  with  the  distance  between  the  two  unknown  objects. 

Venus  and  Mars. — Dr.  Habiwiq  has  published  an  extremely  import- 
ant investigation  of  the  diameters  of  Venus  and  Mars  from  hehometer 
measures  by  himself.  He  has  also  thoroughly  discussed  prevloos  ob- 
servations, and  the  following  instmotive  table  gives  the  main  results: 

A.— Hbliometeb. 

1.  Frob.  Biior.     Ap«rtiini. 

1620       Brandea -1-096  ±0.134  76 

1M7-49  Wiohmaim -0-436  —  156 

1867       Winnecke -1-088  —  162 

1851-63  Mftin -1-182  -091  190 

lere-??  Hartwig -1-233  -057  76 

B. — DOUBUS  lUAOE  MiCBOHBTEB   (AJBT). 

L  Pnb,  EnoT.    Apeitnie. 

18^-65  Kaisar      -0-772  -|:0-042  189 

1840-52  Main -0-50T  —  170 

IBTd       J.  Flimmier -0-546f  —  1S2 

C— Bochon's  MicbometkA. 

1.  Prob.  Smr.     Ap«tiii«t 

1610-15  Arago -1-519  ±0-105  liK 

D.— Wire  Hicrouetxb. 

L  Frob.  Smr.  Aptitnn. 

1833-36  Madler +0-651  ±0-073  97 

185W7  J.  Schmidt i+l'^l  «^j  108- 

1860-64  MSdlar -.-.    -0-254  —  244 

1838-39  GaUo -0-86  —  244 

1871        Vogel -2-56  —  293-5 

The  negative  sign  of  the  constant  error  for  all  double  image  observa- 
tions  is  very  remarkable,  and  it  appears  that  telescopes  of  all  apertures 
make  the  diameter  as  measured  in  daylight  too  small,  while  there  does 
not  seem  to  be  any  law  ilepending  on  the  aperture. 

The  adopted  value  is  a  mean  of  the  Oxford,  Leiden,  and  Strassburg 
values,  17".G52,  which  is  0".60  and  0".65  greater  than  the  results  of  ob- 
servations ot  Venut  in  transit,  by  Auwebb  and  Teknant,  in  1874.  The 
obscured  hemisphere  of  Yenoa  was  repeatedly  seen  daring  the  obaer- 
vations. 
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The  diameter  of  Mara  is  deduced  (for  distance  1)  to  be  polar  diameter 
=  g".349  ±  O".O10  firom  the  mean  of  Abaoo'S,  Bbssel's,  Kaiseb's, 
Main's,  and  Haetwig's  observations. 

The  Strassburg  observations  alone  gave  polar  diameter  =  9".311; 
eqnatorial  diameter  =  9.519. 

Many  good  drawings  oiMara  were  made  in  1877,  among  which  those 
of  Mr.  Geeek,  at  Madeira,  of  Mr.  Debtee,  and  of  M.  Nibsten,  at 
Brussels,  deserve  especial  notice,  Mr.  Geeen  and  Mr.  Buston  have 
also  observed  Mars  in  1879. 

Keither  Mr.  Geeeit  nor  any  one  else  in  1877  succeeded  in  seeing  the 
remarkable  long  and  narrow  canals  depicted  in  Schtapabelli's  "  Osser- 
vazioni  astronomiche  e  flsicfae  sull'asse  di  rotatione  e  sulla  topografia 
del  pianeta  Marte,"  Boma,  1878, 4to; '  bnt  M.  Tebby  has  pointed  ont  that 
drawings  made  by  Prof.  Holden,  at  Washington,  in  1876,  contain  these 
canals,  and  that  thus  their  subsetjuent  discovery  by  M.  Schiapabelli 
in  1877  is  fully  verifted.  This  paper,  published  towards  the  end  of 
1878,  contains  first  a  new  determination  of  the  direction  .of  the  axis  of 
rotation,  the  measores  being  made  by  placing  the  micrometer  wire  tan- 
gent to  the  middle  of  the  snow  spot.  The  results  were,  for  September 
27-0. 

Areooentr.  Long.  ( of  centre  S9-°466±l-°077. 

"         Polar Dist  (of  spot,      6-147±tJ-123. 
Geocentr.  Angle  of  Fob.  of  Axis,  164-90±0,10. 

The  second  chapter  contains  the  determination  of  the  areographin 
position  of  sixty-two  principal  points  on  the  surface.  From  this  an 
exact  map  on  Mercator's  projection  has  been  constructed,  but  as  only 
two  colors  are  used,  blue  and  white,  to  represent  dark  and  bright,  and 
no  shading  at  all  is  given,  it  is  rather  difficult  to  compare  this  map  with 
others.  The  imimnerable  "canals,"  which  in  all  directions  cross  the 
map,  increase  this  difficulty.  Four  representations  of  the  disk  in  ortho- 
graphic projection  (Table  Y),  founded  on  all  the  drawings  made  at 
Milan,  are  very  mnch  more  adapted  to  be  compared  with  other  maps. 

One  of  the  most  important  publications  of  the  year  is  the  eleventh 
volume  (Part  I)  of  the  "Annals  of  the  Observatory  of  Harvard  Col- 
lege," containing  Professor  Fioebbihg^s  Photometric  Observations 
made  with  the  15-inch  refractor.  The  author  first  made  experiments 
with  a  ZBllner's  photometer  and  other  instruments  in  which  the  star  is 
compared  with  an  artificial  light,  but  on  account  of  the  want  of  simi- 
larity between  the  real  and  the  artificial  star,  and  the  difficulty  of  ap- 
plying a  correction  for  changes  in  opacity  of  the  air,  which  only  aflect 
the  real  star,  the  nse  of  a  lamp  was  abandoned,  and  all  comparisons 
were  made  with  some  bright  star  in  the  vicinity  of  the  object  observed. 
All  variations  in  the  condition  of  the  air  were  thus  eliminated,  both  ob- 
jeets  being  equally  affected  by  it.    To  insure  a  comparison  free  &om 

*0f  tUatemarkable  workaOetmui  tnuslationiBAboiil  to  appear.  M.  O.  Strutb 
has  eiTsn  ft  T«r7  foil  acconnt  of  it  in  the  VierteljahraBclidft  dei  AatronomiMlien 
GosellBcliaft,  XIV,  p.  22-38  (1B?9).  i,^    ^    ^  (_,00QIC 


206  A6TE0N0MT. 

personal  equation  or  variatioDS  dne  to  tbe  observer,  it  is  very  desirable 
that  the  objects  sliall  resemble  each  other  as  much  as  possible.  Thia 
result  is  secured  by  bringing  the  images  to  be  compared  close  toother, 
so  that  they  are  both  viewed  with  the  same  aperture  and  magnifying 
power,  and  the  light  of  both  is  equally  distorted  by  passing  through  the 
same  lenses  and  prisms.  A  detailed  description  is  given  of  the  many 
photometers  employed." 

These  photometers  could  only  be  used  for  comparing  objects  very 
near  together,  such  as  doable  stars  or  satellites.  For  somewhat  greater 
intervals  two  achromatic  prisms  of  small  angle  vere  placed  in  &ont  of 
a  telescope,  covering  the  central  part  of  the  object-glass.  Two  images 
of  any  object  would  thus  be  formed,  separated  by  an  interval  dejiend- 
ent  on  the  angle  of  the  prisms,  and  on  their  relative  positions. 

All  the  photometers  described  are  open  to  the  objection  that  the  loss 
of  light  is  very  great,  from  60  to  80  per  cent.  This  was  especially  felt 
daring  the  observations  of  the  satellites  of  Mars,  and  led  to  the  inven- 
tion of  another  claw  of  photometers.  The  image  of  some  bright  star, 
assumed  as  standard,  passes  ontside  the  telescope,  and  is  reflected  into 
the  field,  otter  having  been  reduced  by  some  known  amount,  until  it 
equals  the  faint  object  to  be  measured. 

The  instmments  having  been  described  at  length  in  Chapter  I,  the 
second  chapter  contains  the  journal  of  the  observations,  while  the  dis- 
cussions are  given  in  Chapters  III  and  IV.  Conjunctions  of  planets, 
already  allnded  to  above,  afforded  a  good  opportunity  for  comparing 
their  relative  brightness.    The  results  are: 

Albedo  of  Satnm_  Albedo  of  Jnpiter  _    „- ,  „  „ 

Albedo  of  Mara  "  ^■'«^"'"  Albedo  of  Venus  ~  "■«'±"-"=^ 

A  series  of  photometric  meafinres  of  all  the  more  conspicuous  double 
stars  is  discussed  in  Chapter  IV. 

Part  II  of  voL  XI  of  the  Annals  of  Harvard  College  Observatory  con- 
tains the  determinations  of  the  brightness  of  various  satellites.  In  these 
researches  Prof.  Pickeeing  had  great  dif&cnlties  to  overcome  on  account 
of  the  extreme  faintness  of  some  of  the  objects  whose  light  was  to  be 
measured;  the  results,  however,  are  of  special  interest,  as  affording 
some  idea  of  the  real  size  of  these  minute  members  of  the  solar  system. 
Prof.  Pickering's  attention  was  first  directed  to  the  newly  discovered 
satellites  of  Mars,  and  he  devised  various  new  forms  of  photometer  for 
the  examination  of  these  faint  objects.  These  photometers  are  all  de- 
scribed in  Part  I,  and  the  first  two  chapters  of  Part  II  (Chaps.  V  and 
VI)  are  devoted  to  determinations  of  their  constants,  by  various  meth- 
ods. The  problem  was  one  of  great  difGculty,  involving  the  measure- 
ment of  a  photometric  interval  as  great  as  that  between  the  Sun  and 
the  Moon,  the  planet  Mars  being  several  hundred  thousand  times  as 
bright  as  his  satellites.  As  a  direct  comparison  was  impossible,  the 
light  of  the  satellite  was  compared  with  that  received  from  a  small  por- 

*Aii  abetract  of  this  dMoripIioa  is  given  in  Xahtre,  XXI,  p  23.      ht  1 1 ' 
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tioD  of  Mars  through  a  amall  hole  1-lOOth  of  a  millimeter  in  diameter, 
t.  a.,  1-lOOth  of  the  diameter  of  Mars,  or  about  40  miles,  the  diameter  of 
Mars  in  the  telescope  being  one  millimeter.  Much  difficulty  was  expe- 
rienced in  making  auch  a  hole,  and  it  was  only  after  Tarioa»  attempts 
that  Prof.  FiCKBBiKa  succeeded  in  boring  suitable  ho<es  in  a  piece  of 
platinnm  foil  gummed  on  a  glass  plate. 

The  light  of  Mars  seen  through  the  smallest  hole  that  could  be  made 
was,  after  all,  much  greater  than  that  of  the  satellite,  which  must  there- 
fore, if  its  albedo  or  reflecting  power  is  about  the  same  as  that  of  Mars, 
have  a  diameter  much  less  than  40  miles. 

The  following  are  the  results  of  comparison  with  Mars,  as  well  as  with 
Saturn  and  certain  faint  stars  near  which  the  satellites  passed : 
Mars=667,000xPhobosinl877;  equiv.  diam.=5.57  miles. 

Mar8=879,000xDeimo8inl877;  equiv.  diam.-=4.9+0.l  miles. 

Mars=550,000 X Deimos  in  1879 ;  equiv.  diam.=6.1±0.I  mjles. 

Mars=461,000xl>eimos  foil.  Mars;  equiv.  diam.=6.7  miles. 

Mars=673,000xDeimos  prec  Mars ;  equiv.  diam.=5.5  miles. 

The  equivalent  diameter  of  the  satellite  is  calculated  on  the  assump- 
tion that  ita  albedo  is  the  same  as  that  of  Mars. 

It  appears,  then,  from  Prof.  PiOKBBmG^S  resnlte  that  Deimos  was  ap- 
parently much  brighter  in  1879  than  in  1877,  and  that  it  was  brighter  by 
nearly  half  a  magnitude  on  the  following  side  than  on  the  preceding 
side  of  its  orbit.  In  support  of  this  Prof.  Pickebinq  points  out  that 
there  is  a  lai^  preponderance  of  micrometer  observations  of  Deimos  on 
the  following  side,  showing  that  the  satellite  was  more  easily  seen  ill 
that  part  of  its  orbit.  The  micrometer  measures  of  Phobos  were  nearly 
equally  distributed.  Ko  photemetric  measures  were  made  of  this  satel- 
lite in  1879.  The  general  result  of  all  the  observations  is  that  Deimos 
is  about  14.5  magnitudes  (on  the  photemetric  scale)  fainter  than  Mars, 
and  about  0.3  magnitude  fkinter  than  Phobos,  the  equivalent  diameters 
of  the  two  satellites  being  about  7  and  6  miles  respectively,  correspond- 
ing to  0".010  and  O".O09  at  mean  distance.  That  is,  the  satellites  are 
£iinter  than  an  area  of  the  surface  of  Mars  having  a  diameter  of  0".01 
at  distance  unity,  or  1-lOOOth  part  of  the  diameter  of  Mars.  Notwith- 
standing the  minuteness  of  the  points  of  light  compared,  a  difference 
in  color  was  detected  between  the  outer  satellite  and  Mars,  Deimos  ap- 
pearing to  be  blue,  whilst  the  artificial  star  formed  by  Mars  was  noted 
as  red. 

The  observations  of  the  satellites  of  Jupiter  in  Chapter  VIII  are  of 
special  interest,  from  the  comparison  of  equivalent  diameters  (photo- 
metrically inferred)  and  the  diameters  as  actually  measured.  Ttie  fol- 
lowing are  the  results : 

Satellite I.  IL  III.  IT. 

Light  ratio 1786  2032  1271  3597 

EqniTalent  diameter 0".873  0".8I8  1",035  0".615 

Measured  dismeter l".oei  0".910  l".r.37  l".a8S 

BeUtJyealbedo 0.652  0.609  0.4^    .,  ^,tP>^ 
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The  first  line  gives  the  ratio  of  the  light  of  Jnpiter  to  that  of  each  of 
the  satellites,  the  last  the  albedo  relative  to  Japiter.  To  obtain  the  ab- 
solute albedo  for  each  satellite,  the  relative  albedo  must  be  multiplied 
by  the  albedo  of  Jnpiter  (O.CIO).  The  view  that  the  light  of  the  satel- 
htes  is  variable  is  not  conflrmed  by  Pro£  Pioeebing'S  observations. 

A  large  number  of  photometrio  measures  of  the  eight  satellites  of 
Saturn  were  made  in  1877-8,  speda!  attention  being  devoted  to  the 
variations  of  light  of  lapetns,  which  were  foond  to  extend  from  10  to 
140  (taking  the  mean  brightness  as  100).  The  following  fonnula  was 
found  to  represent  the  variations  of  light : 

L  =  100  —  50  sin  »  +  10  cos  2w, 
where  L  is  the  Ught  of  the  satellite  at  any  longttade  v. 

Ou  this  formula  Prof.  PiCKEBnfo-  remarks,  "The  absence  of  the  term 
c  cos  V  shows  that  if  the  variation  in  light  is  dae  to  unequal  brightDess  of 
the  two  hemispheres  of  lapetns,  one-half  of  each  will  always  be  turned 
towards  Satorn.  In  other  words,  it  would  present  to  an  observer  at  the 
north  pole  of  Saturn  the  appearance  of  a  half  moon,  the  semicircle  to 
the  right  being  about  four  times  as  bright  as  that  to  the  left. 

"Some  doubt  is  thrown  on  the  term  e  cos  2«,  since  the  comparisons 
with  Saturn  do  not  confirm  its  presence.  Since  the  value  of  e  is  positive, 
it  cannot  be  supposed  to  indicate  that  lapetus  is  elongated  in  the  direc- 
tion of  Sat'im,  although  a  slight  elongation  of  this  kind  is  probably  im- 
plied in  the  assumption  that  the  satellite  turns  once  on  its  axis  during 
each  of  its  revolutions.  An  elongation  snfScient  to  produce  this  effect 
might  be  caused  by  the  attraction  of  Saturn,  but  it  would  be  far  too 
small  to  be  perceptible  photometrically.  To  make  e  =  -f-  1,  the  equato- 
rial diameter  of  the  satellite  turned  towards  Saturn  should  be  exceeded 
by  that  at  right  angles  to  it  in  the  ratio  of  0  to  11;  so  great  a  differ- 
ence does  not  seem  probable.  The  term  e  cos  2v  could  also  be  accounted 
for  by  two  bright  or  dark  spots  on  the  satellite.  A  dark  spot  on  one 
side  covering  less  than  a  hemisphere  would  also  give  a  variation  in  light 
closely  resembUng  that  given  by  that  in  the  formula.  The  most  natural 
explanation,  however,  is  that  the  dark  and  light  portions  are  irregularly 
distributed  on  lapetns,  like  the  land  and  water  on  our  Earth,  and  that 
one  hemisphere  is,  on  the  whole,  much  darker  than  the  other.  The 
smaller  variations  may  be  assumed  to  be  such  that  the  formula  given 
above  represents  them  closely. " 

The  following  are  the  equivalent  diameters  of  the  satellites  in  miles 
found  by  Prof.  FiCKEBlNG:  Mimas  293:^:9;  Encleadns370±10;  Tethys 
570±18;  Dione  542^17;  Ehea  745±27}  Titan  1406^52;  Hyperion 
193±5;  lapetns,  mean  4S6±4,  max.  574,  min.  307. 

The  satellites  of  Uranus  and  Neptune  have  the  following  equivalent 
diameters  (in  miles):  Titania  dSO^blO;  Oberon  544^15;  satellite  of 
Neptune  2360  ±60.  The  large  equivalent  diameter  of  the  satdliteof 
Neptune  is  noteworthy. 

Determinations  are  also  given  of  the  equivalent  diameters  of  some 
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of  the  minor  planets,  as  foUowa:  Pallas  leTmUes;  Jano  94±4;  Vesta 
319±10i  Antiope  61±3;  Branhild20±3;  Eva  14±ljMenippe  12±1. 

Thongh  these  eqaivalent  diameters  must  not  be  accepted  as  actual 
diameters,  they  doabtleas  give  a  pretty  close  approximation  to  the  size 
of  the  smaller  members  of  the  solar  system,  even  allowing  for  a  large 
uncertainty  in  the  albedo.  It  vould  seem  from  the  Harvard  College 
determiuatJODB  that  some  of  the  smaller  asteroids  are  at  any  rate  com- 
parable in  size  with  the  satellites  of  Mars,  and  the  step  from  these  to  the 
larger  meteorites  is  not  a  very  large  one.  The  volome  also  contains  pho- 
tometric measures  of  103  nneqnal  doable  stars  and  some  miscellaneons  re- 
sults. Great  care  has  been  taken  throughout  to  avoid  systematic  errors 
by  varying  the  methods  of  observation,  but  it  is  certain  that  some  of  the 
measures  of  the  light  of  faint  companions  to  bright  stars  are  in  error,  as 
-shown  by  comparison  of  pairs  of  the  same  assigned  brightness. 

A  work  of  some  magnitude  has  been  undertaken  by  Prof.  Pickqbing 
during  the  past  year  in  the  determination  of  the  light  of  all  the  stars 
visible  to  the  naked  eye  at  Cambridge  (Mass.)  As  most  of  these  stars 
would  be  very  tronblesome  to  identiiy  in  the  field  of  a  photometer 
mounted  on  an  ordinary  stand,  they  are  observed  in  the  meridian.  The 
photometer  consists  of  a  horizontal  telescope  pointing  to  the  west,  and 
baring  two  objectives.  By  means  of  two  prisms  mounted  in  front  of  the 
telescope  the  pole  star  is  reflected  into  one  object-glass,  and  the  star  to 
be  measured  into  the  other.  The  cones  of  light  are  made  to  coincide  by 
a  double-image  prism,  the  extra  images  being  cut  ofl'  by  an  eye-stop. 
The  star  to  be  measured  is  thus  seen  in  the  same  field  with  the  pole  star, 
under  exactly  the  same  conditions.  To  determine  the  relative  transpar. 
ency  of  the  air  at  diS'erent  altitudes,  a  list  of  a  hundred  circnmpolar 
stars  has  been  prepared,  to  be  observed  at  both  upper  and  lower  culmi- 
nations. Progressive  changes  in  the  light  of  the  pole  star  may  tbiis  also 
be  detected  ^nd  eliminated. 

A  Persian  MS.  of  TJluqh  Beg's  catalogne  of  stars  recently  presented 
to  the  Boyal  Astronomical  Society  has  been  examined  by  Mr.  Knobel 
(M.  K.  XXX,  337),  and  compared  with  Hyse's  translation.  A  great  many 
discrepancies  have  (as  was  also  the  case  with  S6fi)  been  found  to  arise 
from  certain  charactfirfr  being  mistaken  for  others  by  the  transcriber, 
and  Mr,  Knobel  was  hereby  led  to  examine  those  of  IBK  JUNis's  lunar 
eclipses,  which  Prof.  Nbwcomb  had  found  to  be  irreconcDable  with  the 
computations,  and  he  suggests  explanations,  founded  on  the  assumption 
of  similar  errors  having  been  made  in  copying  a  MS.  The  magnitndes 
of  ULUaH  Beg  never  having  been  properly  translated,  Mr.  Kmobel 
gives  a  complete  translation  of  the  mdgnitudes  as  found  in  the  MS, 
under  examination. 

Jupiter. — Dr.  SOHMIDT  has  made  a  new  determination  of  the  time  of 
rotation  of  Jnpiter  upon  its  axis,  firom  observations  in  1879  and  1880,  of 
the  red  spot  niwn  its  disk.  His  preliminary  discussion  gives  for  the 
time  of  itJtation  9h.  55m.  34.42a.  i),j ,, ;  j i,  CoOQIc 
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On  the  evening  of  Febraary  2,  Jupiter  was  passing  near  the  star  B.  A. 
0.  303  (73  PiBcium),  and  the  opportunity  was  taken  at  the  observatory 
of  Harvard  College  to  compare  photometrically  the  third  satellite  of  the 
planet,  with  the  star.  Three  observers  took  part  in  the  work,  and  tour 
sets  of  measorements,  each  consisting  of  eight  single  comparisons,  were 
made.  The  result  obtained  was  that  the  star  was  fainter  than  the  sat- 
ellite by  0.38  magnitudes  of  Pogson's  logarithmic  scale.  Tor  tho  mag- 
nitude of  the  star  we  have  G.IC  by  the  mean  of  the  available  estimates 
on  record,  and  6.17  by  the  observations  made  at  this  observatory  with 
the  meridian  photometer.  The  resulting  magnitude  of  the  satellite  is 
5.28  or  5.29,  in  close  agreement  with  the  value,  6.24,  fonnd  by  a  very 
different  method,  in  the  Annals  of  the  Observatory,  Vol.  XI,  p.  276. 

Saturn — A  letter  from  Prof.  Hastings,  of  the  Johns  Hopkins  Uni- 
versity, pats  an  important  point  in  regard  to  the  nature  of  Saturn's  rings 
(C,  the  dusky  ring,  B,  the  inner  bright  riug.  A,  the  outer  ring)  so  briefly 
that  it  may  be  quoted.  "The  riug  C  projected  on  Saturn  is  dark;  if 
the  ring  were  composedof  particles  having  the  same  a{{ied!o  as  the  planet 
it  would  appear  neither  bright  nor  dark,  as  it  would  return  to  ns  by  re- 
flection the  exact  equivalent  of  what  it  intercepts.  But  the  albedo  of  B 
is  greater  than  that  of  the  planet  since  it  is  the  brightest  part  of  the 
system.  Hence  either  the  material  of  C  is  difTerent  irom  that  of  B,  or 
the  planet  is  self-lnminons." 

Possihle  planets  beyond  Neptun£. — PrOf.  FOEBBS,  of  Edinburg,  and  Mr. 
D.  P.  Todd,  of  Washington,  have,  during  the  year,  published  accounts 
of  their  theoretical  proofs  of  the  existence  of  a  planet  or  planets  beyond 
Neptune.  Prof.  Fobbbs  founds  his  conclusions  upon  the  statistical  dis- 
tribution of  the  aphelia  of  comets.  These  have  long  been  known  to  be 
grouped  at  certain  distances  flrom  the  son,  with  empty  spaces  so  far  as 
known  between  groups.  There  is  agronp  of  eleven  comets  whose  aphe- 
lia are  at  Jupiter's  mean  distance,  5,  and  another  group  of  six  comets 
about  Neptune's  distance,  30. 

Another  well  marked  grottp  of  seven  comets  have  aphelion  distances 
of  about  too. 

The  theory  of  the  introdntion  of  comets  into  the  solar  system,  proposed 
a  few  years  since  by  Pro£  Newton,  of  Tale  College,  is  made  the  basis  of 
the  investigation,  and  according  to  this,  any  comet  which  is  drawn  into 
our  system  from  outside  and  its  elements  so  changed  as  to  make  ifca 
permanent  member  of  the  system  mnst  have  been  so  influenced  by  a 
planet  which  was  somewhere  near  the  aphelion  point  of  this  comet's 
orbit  at  the  time  of  its  introdntion. 

If  the  aphelion  i>oints  of  the  seven  comets  of  the  last  gronp  described 
be  marked  on  a  globe,  it  is  found  that  they  lie  on  or  near  a  great  circle. 
Prof.  FoEBES  further  finds  that  a  planet  revolving  at  a  distance  100  in  a 
periodic  time  of  1,000  years  might  have  been  at  the  points  so  marked 
daring  the  period  cf  two  revolutions  of  the  comets  of  this  group,  and  from 
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this  aod  otlier  reasons  it  is  conclnded  that  there  is  such  a  planet  revolv- 
ing  at  the  diatanoe  of  about  100,  which  is  at  present  in  B.  A.  11''  40"  N. 
P.  D.  870. 

Similar  considerations  are  applied  to  the  next  group  of  comets  of 
aphelion  distances  about  300,  and  evidence  of  a  disturbing  planet  at  ttiis 
distance  also  is  adduced.  Prof.  Forbes  has  applied  the  method  be  has 
nsed  to  the  case  of  the  comets  which  we  know  to  revolve  near  Neptune, 
and,  without  any  knowledge  of  l^eptune's  real  position,  he  found  that 
the  aphelion  x>03ition8  of  these  comets  indicated  the  existence  of  a  planet 
in  longitnde  45°.  In  feet,  Neptune  is  now  in  longitude  48°.  From  all 
of  which  Prof.  Foebes  concludes  the  existence  of  at  least  one  nltra-Nep- 
tuniau  planet  in  the  position  indicated,  t.  c,  for  1880,  E.  A.  11*  40"  K 
P.  D.  870. 

The  pubhoatiou  of  Prof.  Fobbes's  results  has  caused  Mr.  Todd,  of 
Washington,  to  print  the  results  of  some  investigations  he  has  made  in 
the  motions  of  Uranns  and  Neptune  as  compared  with  NewcomVs  tables 
of  these  planets.  Proceeding  by  a  graphical  method  he  was  led  to  the 
Goudusion  that  there  mast  he  a  planet  exterior  to  Neptune  revolving  in 
an  orbit  inclined  about  1^°,  whose  ascending  node  is  at  longitude  103°, 
and  whose  longitude  is  about  173°,  or,  for  1881,  March,  its  position  is 
E.  A.  11"  37»  N.  P.  D.  87°. 

In  other  words,  Prof.  FoHBES  and  Mr.  TODD,  proceeding  on  utterly 
different  data,  have  arrived  at  identically  the  same  result.  In  each  case 
the  data  are  insufficient  and  the  exact  agreement  is  accidental.  Still 
it  is  noteworthy. 

It  is  extremely  doubtful  if  such  a  planet  would  he  recognieable  by 
Its  disk  at  this  distance  from  the  sun.  Still,  Mr.  Todd  made  a  search  for 
it  with  the  26-inch  telescope  at  Washington,  without  success  however. 
The  tme  method  of  research  would  be  the  accurate  mapping  of  this 
portion  of  the  sky — a  work  of  several  years. 

Minor  Planets. — ^The  following  discoveries  were  made  in  1870 : 


Febraar;  17 
February  £8 
March  A  - 

May  17-    , 


JalyZT-    - 
SepWmber 


Ifaaaiba  ■ 

Enrjclelft 
PhUinnda 

Penelope 
ChryBflia  ■ 

Calleto     - 

HereUlft  '■ 

Kdo   '■   ' 


Pallu. 
Palisa. 
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Frigga  (77)  was  refoand  by  Petees  on  July  17, 1879,  after  having  been 
at  lai^e  for  several  years.  Prof,  Pbiebs  Buggesta  that  Frigga  may  be 
Tariable. 

The  diacoveries  for  1880  were : 


Dote. 

So. 

ymui. 

Dbo^r. 

iseo. 

31S 
213 
314 
15 
IS 
IJ 

31B 

Peteri* 

Febrnary  IT 

April  7-    - 
April  10    - 
ASBQStSO. 

Sfi- 

PtOiu.! 

P       berBO 

*  Hit  4lat  diecovety.  tElsSSUidiwtDveT;. 

The  Jahrbuch  for  1882  gives  some  details  regardiDg  the  first  173  as- 
teroids, which  we  condense  as  follows :  Oat  of  tiiese  173,  there  are  120 
which  have  been  satisfactorily  observed  at  5  (or  more)  oppositions,  11 
which  have  been  observed  at  i  oppositions,  10  at  3, 11  at  2,  and  18  at  1 
only.  Ofthe9elastl8,80meare new diseoveriesMid only J>ifte(BoRELLT), 
and  Scylla  (Palisa)  are  yet  to  be  rediscovered.  Juetca  (Watson)  lias 
been  lately  fonnd,  after  having  been  lost  six  years. 

The  Moon. — The  Innar  photographs  taken  with  the  13-iDch  reflector  at 
the  University  Observatory,  Oxford,  have  been  utilized  for  finding  a 
new  value  for  the  semi-diameter  of  the  Moon.  The  process  adopted  was 
very  nearly  the  same  as  that  employed  by  WiOHMAN,  and  the  resulting 
mean  semi-diameter  is  15'  34"  .175  +  0".069.  Mr.  Nbison  has,  from  a 
careful  discussion  of  nearly  1,100  observations,  made  at  Greenwich,  Ox- 
ford (Radolipfe),  and  Washington,  deduced  the  value — 

15'  33".37+4".10-i-(l  +  0".70  x  aperture  in  inches). 

This  empirical  formula,  he  adds,  agrees  closely  with  the  theoretical 
formula,  founded  on  the  assnmpntion  that  the  differences  between  the 
semi-diameters  obtained  with  instruments  of  different  aperture  vary  as 
the  dif&action  discs  and  the  amount  of  light.  Applying  the  formula  to 
a  13-inch  reflector,  and  adding  the  photographic  irradiation,  which  Mr. 
KiESON  states  his  experiments  indicate  to  be  about  +  0".3,  the  photo- 
graphic semi-diameter  should  be  15'  34"  .08. 

No  papers  on  the  Mo<m  published  during  the  past  year  exceed  in  im- 
portance those  by  Mr.  G.  H.  Daewtn  on  the  secular  effects  of  tidal  fric- 
tion on  the  configuration  of  a  planet  and  its  satellite.  In  the  first  paper 
the  theory  of  the  deformation  of  a  viscous  or  imperfectly  elastic  spheroid 
under  the  attraction  of  satellitesis  investigated.  KumericSl  calculations 
show  that  bodily  tides  in  the  Earth  are  at  present  very  small.  From  this 
pomt  Mr.  Dabwin  was  led  to  consider  the  pertoTbed  rotation  of  such 
a  spheroid,  and  the  reaction  on  the  perturbing  bodies.  He  has  in 
the  A.  N.  2294  given  the  following  summary  of  the  resuilB  ^rpyf4  »* 
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tbroogfa  these  iavestigatioiia,  vMch,  no  doabt,  mark  the  beginning  of 
a  new  era  in  our  knowledge  of  the  past  history  of  the  solar  system : 

1.  The  lunar  period  must  have  been  shorter  in  the  past,  and  may  be 
traced  back  from  the  present  27^  days,  until  initially  tlie  Moon  revolved 
round  the  Earth  in  horn  two  to  fonr  hours. 

2.  The  inclination  of  the  orbit  to  the  "proper  plane"  most  have 
been  larger  in  tlie  past,  and  may  be  traced  back  &om  the  present  5°  9' 
until  it  was  6<^  or  7'^.  This  was  a  ma.ximum  inclination,  and  in  the 
more  remote  past  the  iacUnation  was  less  and  initially  was  very  small 
or  zero. 

3.  The  inclinatioa  of  the  proper  plane  to  the  ediptic  must  have  been 
greater  in  the  past,  and  may  be  traced  back  from  its  present  8"  until  it 
was  in  veiy  early  times  about  11°  45*.  It  is  possible  that  initially  this 
inclination  was  less,  and  that  the  11°  45'  was  a  maximum  value. 

4.  The  eccentricity  of  the  orbit  must  have  been  smaller  in  the  past. 
Either  at  one  time  it  had  a  minimum  value,  before  which  it  had  a 
maximum  value,  and,  again,  earUer  it  was  very  small  or  zero,  or  else 
the  maximum  value  never  occurred,  aud  the  eccentricity  has  always 
been  increasing.  The  history  of  the  eccentricity  dependeon  the  nature 
of  the  tides  in  the  Earth,  but  the  former  of  tiiese  alternatives  seems 
the  more  probable. 

At  the  present  time  the  Eto'th  rotates  in  twenty-four  hours,  its  equa- 
tor is  inclined  at  an  angle  of  9"  to  a  plane  which  Mr.  Dabwin  calls 
"the  proper  plane  of  the  Earth**  (the  mean  equator).  This  proper 
plane  is  inclined  at  an  angle  of  23°  28'  to  the  ecliptic,  and  its  intersec- 
tion with  the  ecliptic  is  the  eqtiinocti^  line.  He  finds  that  the  fric- 
tional  tides  in  the  Earth  have  caused  changes  which  may  be  summa- 
rized as  follows : 

5.  The  day  must  have  been  shorter  in  the  past,  and  it  may  be  traced 
back  £rom  its  present  value  of  twenty-four  hours  until  initially  it  was 
from  two  to  four  hours  in  length.  It  was  then  identical  with  the  Moon's 
period  of  revc^ution  as  described  in  (1). 

6.  The  incUnation  of  the  equator  to  the  Earth's  proper  plane  must 
have  been  larger  in  the  past,  and  may  be  traced  back  from  the  present 
value  of  9"  until  it  was  about  2°  45'.  This  was  amaximum  inclination, 
and  in  the  more  remote  past  the  inclinatiou  was  less,  and  Initially  it 
was  very  small  ot  zero. 

7.  The  inclination  of  the  Earth's  proper  plane  to  the  ecliptic  must 
have  been  smaller  in  the  past,  and  may  be  traced  back  from  its  present 
value  of  23°  28'  until  initially  it  was  11°  45',  or,  perhaps,  somewhat  less. 
It  was  then  identical  with  the  proper  plane  of  the  lunar  orbit,  and  this 
is  true  whether  or  not  11°  45'  was  a  maximum  iaclination  of  the  lunar 
proper  plane  to  the  ecliptic  as  described  in  (1). 

The  preceding  statements  may  be  subject  to  varieties  of  detail,  ac- 
cording to  the  nature  of  the  tides  raised  in  the  Sarth,  but  the  above  is 
a  summary  of  what  appears  to  be  the  most  probable  course  of  evolution. 
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The  hypothesis  which  ia  saggested  as  most  probable  is,  that  tbe  more 
recent  changes  in  the  system  have  been  priacipally  due  to  oceanic  tidal 
friction,  and  that  the  more  ancient  changes  were  produced  by  bodily 
tidal  Mction.  The  initial  state  of  the  Moon,  nearly  in  contact  with  the 
Earth,  and  always  opposite  the  same  face  of  it,  saggests  that  the  Moon 
was  produced  by  the  rupture  in  consequence  of  rapid  rotation  or  other 
causes  of  a  primeval  planet,  whose  mass  was  made  up  of  the  present 
Moon  and  Earth.  It  is  a  remarkable  coincidence,  that  the  shortest  pe- 
riod of  revolution  of  a  fluid  mass  of  the  same  mean  destiny  as  the  Earth, 
which  is  consistent  with  an  ellipsoidal  form  of  equilibrium,  is  two  hours 
and  twenty-four  minutes ;  and  that  if  the  Moon  were  to  revolve  about  ■ 
the  Earth  with  this  periodic  time,  the  surfaces  of  the  two  bodies  would 
be  almost  in  contact  with  one  another.  The  theory  gives  an  interesting 
explanation  of  the  rapid  movement  of  the  inner  satellite  of  Mars. 

OBSEBVATOBIES. 

The  buildings  of  the  new  observatory  of  the  University  of  Strasbnrg 
have  been  completed,  and  a  description  and  plates  of  them  made  by  the 
director.  Dr.  Winmecke.    The  principal  instmments  are : 

1.  AmeridiancirclebyEEPSOLD;  apertnreI62mQlimeters(6.4 inches). 

2.  An  altazimuth  by  Ebpsoldj  aperture  136  millimeters  (5,4  inches). 

3.  A  refractor  by  Merz  ;  aperture  487  millimeters  (20.2  inches). 

4.  An  orbit-sweeper  by  IEepsold  ;  aperture  163  millimeters  (6.4  in- 
ches). 

There  are  three  buildings — one  large  one  containing  the  residences  of 
the  astronomers,  and  two  smaller. 

On  the  main  building  is  the  largeirondome,  some39feetin  diameter. 
There  are  two  novelties  in  its  construction:  First,  the  shutters  to  the 
dome  are  made  in  two  parts,  and  extend  from  horizon  to  horizon.  They 
are  opened  symmetrically  by  screws,  and  leave  the  whole  180o  open  at 
once.  Secondly,  the  dome,  which  weighs  about  93,000  pounds,  is  tamed 
by  means  of  heavy  weights,  which  are'wound  up  from  time  to  time  as 
required.  A  touch  from  the  observer  wUl  release  these,  and  their  fall 
will  turn  the  dome  right  or  lefb.as  required.  The  working  of  this  dome 
will  be  attentively  regarded,  as  most  of  the  difficulties  of  such  structures 
appear  to  have  been  successfully  avoided.  In  windy  situations  the 
whole  slit  must  not  be  opened  at  the  same  time,  but  the  principle  of 
these  shutters  properly  modified  will  serve  even  in  this  case.  The  dome 
of  the  new  Naval  Observatoir  at  Washington  is  to  be  of  the  turret  con- 
straction,  by  which  form  the  difBculties  of  shutters  can  be  evaded. 

The  27-inch  reflfactor  for  the  Vienna  observatory  has  been  finished 
by  Mr.  Gbtjbb,  and  is  now  mounted,  and  is  said  to  be  satisfactory.  Au 
elaborate  description  of  it  is  pubUshed  by  Mr.  Gbtjbb  as  a  reprint  from 
JSngineering, 

Mr.  A.  A.  GouuoN  has  mounted  his  new  36-inch  silver-on-glass  equa- 
torial at  Ealing,  near  Loudon.    It  is  described  in  "The  Observatory," 
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in,  p.  IGT,  and  Mr.  Caxter  haa  given  a  very  fall  account  of  the  pro- 
cess of  fignriag  and  eilvenng  the  mirror  in  the  M.  iN".  for  iNovember. 

A  new  observatory  has  been  founded  at  Kalocza  in  Hungary,  by  Car- 
dinal Archbishop  Hatnald.  Dr.  Chabi^s  BEAUNisthedkector,  and 
the  chief  instrument  is  a  7-inch  refractor  by  Mebz. 

Another  private  observatory  has  been  constructed  at  Plonsk,  about 
37  miles  from  "Warsaw,  by  Dr.  Jbdezejevicz.  The  principal  instru- 
ment is  6.4  inch  refractor  by  Steinheil,  to  be  used  for  observatioua  of 
double  stars. 

The  new  observatory  of  Queen's  College,  Cork,  though  furnished  only 
with  small  instruments,  promises  to  become  one  of  the  most  remarkable 
astronomical  institutes  existing,  on  account  of  the  unique  character 
and  retlned  coostmction  of  its  instruments.  These  have  been  de- 
scribed at  some  length  in  the  Scientific  Proceedings,  Koyal  Dablia 
Society,  by  their  constructor,  Mr.  Howabd  Gbuhb.  The  principal 
instnunents  are  an  8-inch  equatorial,  a  5-lnch  transit  circle  with  20-incb 
cu«le9  of  glass,  and  a  4-inch  siderostat  of  novel  constroction.  The  tel- 
escope of  tliis  instroment  points  towards  the  south  pole,  and  carries 
oatside  the  object-glass  a  plane  silvered  mirror,  which,  by  the  rotation 
of  the  tube  round  its  optical  axis  (either  by  hand  or  clockwork),  will 
keep  the  object  under  examination  in  the  center  of  the  field. 

An  observatorj'  is  being  built  on  the  site  of  the  "Casa  degl'  Inglesi," 
on  Mount  Etna,  9,650  feet  above  the  sea.  It  is  only  to  be  inhabited 
daring  the  mouths  of  Jnoe,  Joly,  August,  and  September;  and  the  12- 
inch  lens,  by  Mebz,  is  then  to  be  brought  to  Cutania,  where  there  is  to 
be  a  dapUcate  mounting  for  it.  The  observatory  is  to  be  devoted  to 
solar  work,  for  which  its  high  elevation,  according  to  the  experience  of 
Prof.  Tacchiki,  as  also  of  Prof.  Lahglet,  makes  it  especially  suited.* 

M.  BiscHOFFBHEiMis  building  anew  observatory  at  Mont  des  Miguons, 
Nice,  of  which  M.  Pebbotih,  of  the  Paris  Observatory,  has  been  ap- 
pointed the  director.    A  sum  of  900,000  francs  is  to  be  spent  ou  it. 

It  is  now  more  than  five  years  since  Jambs  Lick,  of  San  Francisco, 
placed  in  the  hands  of  trustees  the  sum  of  $700,000  for  the  purpose 
of  erecting  and  equipping  an  observatory  near  the  Pacific  coast,  which 
was  to  constitute  the  Lick  Astronomical  DepartineEt  of  the  XJniverBity 
of  Califomia.f  The  site  originally  chosen  was  at  Lake  Tahoe;  but 
afterwards  a  series  of  experimental  surveys  was  made,  with  a  view 
of  obtaining  the  best  location  in  an  easily  accessible  place.  Finally, 
Mount  Hamilton,  in  Santa  Clara  County,  about  60  mUes  southeast  of 
San  FrauciBco,  was  chosen,  and  negotiations  were  opened  with  the 
county  authorities  for  the  building  of  a  road  to  the  summit.  More  than 
1,500  acres  of  land  were  secured  for  the  observatoi^,  only  a  small  i>or- 
tion  of  which  is  essential  to  the  immediate  needs  of  the  buildings,  but 

*  A  plan  of  the  obaervatory  is  given  in  Nature,  zix,  p.  558. 

t  Ttie  following  accoimt  ia  bonon-ed  &om  The  Kanta*  City  Eeeiew  of  Seienoe  and  Iit- 
diutry,  Vol.  lU.,  p.  4^    (December,  1879.) 
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the  residue  ■will  be  atilized  for  pasture,  and  for  fnel  and  waier-sapply. 
The  steep  and  broken  character  of  the  ground  renders  a  large  surface  of 
land  necessary  for  the  adequate  protection  of  the  observatory  &om  fire 
and  intrusion. 

In  order  to  observe  the  transit  of  Venos  in  1882,  the  Lick  tmstees 
have  secured  a  12-invh  refhictor,  made  by  Alvan  Clabk  &  Sons,  who 
are  to  make  a  36-inGh  refractor  later.  A  1-inch  transit  instrument  has 
tteen  ordered  from  Fattth  &  Co.,  Wasbingten,  to  be  moant4^d  in  1881. 
A  plan  for  the  buildings  has  been  made  by  Proffessors  Newcomb  and 
HoLDEN,  in  which  the  library,  study,  computing  and  sleeping  rooms 
are  to  be  attached  to  the  main  building,  and  the  dwelling-houses,  etc., 
will  be  close  by,  on  a  ahelf  of  the  hill  lower  down. 

The  second  volume  of  Oppolzeb's  "Lehrbuch  znr  Bahnbestlnimung 
der  Kometen  und  Planeten"  has  appeared  in  October  last,  nearly  ten 
yeari  after  the  first  volume.  Such  a  work  was  indeed  a  desideratum. 
The  book  enters  into  the  most  minute  details,  and  gives  examples  fully 
worked  out  to  an  extent  which  neither  Watson's  excellent  "Theoretical 
Astronomy,"  nor  the  shorter,  though  in  some  parts  more  comprehensive, 
" Theoretlsehe  Astronomie"  by  Klinkekpubb,  have  attained. 

Mr.  Stone  having  been  appointed  to  the  KaddifTe  Observatory,  Ox- 
ford, Mr.  Gill  sncceeded  him  as  Her  Majesty's  Astronomer  at  the  Cape. 
Mr,  ttiLL  purchased  Lord  Lindsay's  heliometer,  with  which  he  had  al- 
ready done  such  excellent  work  himself,  and  had  it  mounted  on  a  new 
stapd  by  Mr.  Gbubb.  He  intends  to  apply  this  instrument  to  investi- 
gations on  the  parallax  of  some  stars  having  large  proper  motions,  and 
to  researches  on  southern  star-clusters.  I>r.  Elkin,  of  Kew  Orleans, 
goes  to  the  Gape  as  assistant  to  Mr.  G-ill. 

Prof.  HoLDEN  has  been  appointed  director  of  the  Washbnm  Obser- 
vatory at  Madison,  Wis.,  in  the  place  of  the  late  Prof.  Jaues  C.  Wat- 
son. 

mSTBTJMBNIS. 

Alvan  Glabk  &  Sons,  of  Gambridgeport,  have  now  on  hand,  in  all 
the  various  stages  of  completion,  a  most  interesting  collection  of  large 
refractors,  to  say  nothing  of  a  number  of  glasses  of  8  inches  or  less  di- 
ameter. 

The  lenses  of  the  23-inch  equatorial  for  Prof.  YoTma,  at  Princeton, 
are  receiving  the  finishing  touches,  and  have  already  shown  a  remark- 
able degree  of  perfection.  The  glass  'was  cast  by  Feil.  The  mounting 
for  this  instrument  is  well  advanced. 

A  Iti-inch  objective  for  Prof.  SwiFT,  of  the  Warner  Observatory,  is 
finished,  and  the  mounting  nearly  so.  This  glass  is  of  English  manu- 
facture. 

The  McGobmice  glass  of  26  inches  aperture,  made  at  the  same  time 
as  the  Washington  refractor,  and  intended  for  the  University  of  Virginia, 
is  still  in  tiie  shop  and  has  been  completed  for  Beveral  years,  while  the 
mounting  requires  but  comparatively  little  additional  work. 
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Tyro  S-incli  refractors  have  been  ordered  and  are  partially  finished — 
one  ordered  by  Prof.  YouNa  for  the  seminary  at  Soatli  Hadley,  and  the 
otber  by  Dr.  Ehgelmanit,  of  Leipsic. 

The  fiint  glass  disk  for  the  30-inch  telescope,  ordered  by  Steuve  for 
the  Basfiian  GoTernment,  has  been  received  from  Feil,  and  the  crown 
glass  is  expected  shortly.  The  mounting  for  this  will  probably  be  made 
abroad. 

For  the  Lick  trustees  a  36-inch  refractor  is  ordered,  but  it  will  not  be 
completed  for  several  years.  A  12-inch  equatorial  for  observmg  the 
transit  of  Yeaua  is  ne^ly  finished,  uid  orders  have  been  received  for  a. 
5-incb  photoheliograph  and  a  smaller  comet-seeker. 

In  all  or  nearly  all  of  these  inatrnments  the  cell  of  the  object-glass  is 
arranged  so  as  to  separate  the  lenses  by  several  inches  and  allow  a  free 
circulation  of  air  between  them,  as  well  as  to  afford  an  opportunity  of 
readily  reaching  the  inner  snr&ces  of  the  glass.  This  device  is  adopted 
in  the  hope  of  bringing  the  temperature  of  the  glass  as  nearly  as  pos- 
sible equal  to  ^hat  of  the  external  air,  but  it  remains  to  be  seen  if  it  is 
really  advantageous. 

A  new  10-inch  equatorial,  with  an  object-glass  by  Mebz,  has  been 
presented  to  the  Gflneva-Obaervatory  by  its  director,  Prof.  Emtl  Plan- 
XAUODB.  It  is  to  be  devoted  to  observations  of  the  major  planets  and 
their  satellites,  of  parallax  of  stars,  and  of  double  stars,  with  occasional 
observations  of  minor  planets. 

ASTBONOMICAL   BIOGEAPHT,   BIBLIOGRAPHY,   ETC. 

The  first  number  of  the  new  International  Journal  of  Aatronomp — 
Urania,  edited  by  Drs.  Copeland  and  Debybe,  contains  in  a  very  con- 
venient form  of  21  demy  Ito  pages,  a  number  of  interesting  articles. 
Among  others,  are  the  following  papers:  "Observations  of  the  Spec- 
trum of  Comet  1880  d.  (Haetwig)  at  Dun  Echt,"  by  Copeland  and 
LOHSE.  "A  New  Planetary  Nebula,"  by  Dr.  Uopeland."  "Observa- 
tions of  Comets  1880  b,  c,  and  d,  at  Dun  Echt.  "  ITber  die  Auflosung 
der  Lamberf  scheu  Gleichong  fac  Farabolische  Bahnen,"  by  Professor 
Klinkeefues. 

A  special  reterenee  should  be  made  to  the  new  arrangement  given  to 
the  tables  of  the  American  Ephemeris  for  1882  by  the  superintendent-, 
Prof.  Nbwcoiilb,  by  which  it  has  become  the  most  convenient  of  astro- 
nomical almanacs.    It  should  have  a  short  Index  added  to  it. 

"Obituary  Notices  of  Astronomers"  is  the  title  of  a  little  book  by 
Mr,  DUNKiN,  in  which  are  collected  some  obituary  notices  of  Fellows 
and  Associates  of  the  E.  A.  S-,  mostly  written  for  the  annual  report  in 
the  Monthly  Notices,  but  revised,  and  some  of  them  partly  rewritten. 

"K(5pertoire  des  coustantes  de  I'Astronomie,  par  M.  J.  C.  Houzeau," 
occupies  271  i»ages  in  410  of  the  Annalea  de  I'Observatoire  Royal  de 
Bruxelles,  NouvelliJ  Serie,  T.  I.  This  is  a  most  wonderfully  useful  pub- 
•  ThiB  is,  however,  not  a  new  ouo,  having  been  diecuvered  by  Mi-  Burnuam,  in  ISTS. 
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licatioii,  and  it  is  hard  to  understand  how  astrooomera  hitherto  have 
managed  to  get  on  without  sach  a  handbook;  it  is  only  a  great  pity 
that  it  has  not  been  published  in  the  shape  of  a  handbook,  bnt  in  a 
place  where  it  vill  not  be  easily  accessible  to  many  people.  It  gives 
in  twenty  chapters,  chronologically  arranged,  lists  of  all  the  different 
values  of  astronomical  constants,  which  have  been  published  from  the 
earliest  times  and  down  to  1877,  in  all  cases  describing  the  way  of  find- 
ing the  particular  value  and  adding  exact  references,  by  means  of  which 
any  one  can  find  out  for  himself  ail  about  any  value.  And  more  than 
that,  the  titles  of  the  principal  books  and  memoira  relating  to  any  sub- 
ject within  the  range  of  the  repertory  are  also  given,  but  completeness 
is  not  aimed  at  in  this  respect.  The  lists  of  constants  are  very  com- 
plete and  nearly  always  correct,  and  critics  of  M.  Houzbau's  work  must 
first  show  that  they  could  do  better  that  which  is  extremely  well  done. 

M.  HovzEAu,  who  by  this  excellent  piece  of  work  has  shown  himself 
eminently  ^miliar  with  astronomical  literatiire,  ancient  and  modei'n, 
and  who  already  in  his  "Catalogue  des  Onvrages  d'Asttonomie  et  de 
Meteorologie  qui  se  tronvent  daus  les  principales  Biblioth^ues  de  la 
Belgique"  (1878),  has  given  a  very  convenient  bibliography,  is  publish- 
ing a  "Bibliographte  g^n^rale  de  I'Astronomie"  in  coujuuction  with  M. 
A,  IjANOASTEE,  of  the  Brussels  Observatory.  This  work  ia  to  be  divided 
into  three  parts,  Books,  Memoirs,  and  Observations,  and  will  be  a  most 
useful  guide  in  the  literature  of  Astronomy. 

An  index  to  the  records  of  observations,  etc.,  outside  the  ordinary 
routine  work  at  Greenwich,  was  printed  in  the  Monthly  Notices  (xxxix, 
p.  505). 

A  complete  "  Subject- Index  to  the  Publications  of  the  U.  S.  Nava! 
Observatory  from  1845  to  1875,"  74  pages  4to,  by  Prof.  E.  8.  HOLDEN, 
is  published  in  the  Washington  Observations  for  1876. 

A  list  of  books  and  memoirs  on  celestial  si>eotrum  analysis,  by  M. 
FI&VKZ,  appears  in  the  "Annuaire  de  I'Observatoire  de  Bruxellea"  for 
1879,  pp.  255-338. 

To  commemorate  the  centennial  of  the  discovery  of  Uranus,  we  have 
"Sir  William  Hbrsohbl,  his  Life  and  Works,"  by  Prof.  Holder,  of 
the  United  States  Naval  Observatory,  Washington. 

In  1847  De  Moegan  wrote:  "The  clear  and  powerful  results  of 
William  Hebschel's  mind  lie  buried  in  the  Philosophical  Transactions^ 
inaccessible  to  the  larger  portion  of  those  who  might  learn  from  them 
to  form  a  true  taste  in  si>eculative  astronomy,  and  a  true  notion  of  the 
state  of  our  knowledge  of  the  fiibrie  of  the  universe." 

Thirty  years  after  this  was  written,  and  two  generations  after 
Hebschel's  death,  there  is  still  no  readier  means  of  studying  his 
works  than  the  original  volumes  of  the  IPratisactions,  now  become  rare 
and  costly.  And  what  is  perhaps  more  widely  noticeable  outside  the 
circle  of  special  students,  there  is  still  no  biography  of  the  greatest  of 
practical  astronomers  and  one  of  the  most  profound  philosopher^  in 
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modem  times.  The  discoveries  recited  in  Heesohel's  wonderfnl  series 
of  memoirs  have  now  bebome  part  of  the  common  sfock  of  knowledge } 
even  the  most  casual  reader  will  care  to  know  how  they  came  about. 

In  seeking  to  snpply  for  special  stndents  the  first  of  these  grea^t 
wants,  by  A  Synopsis  op  the  Soibntifio  Weitikgs  op  Hebschel, 
now  pnblishitig  by  the  Smithsonian  Institution  at  Washington,  which  he 
has  written  in  connection  with  Dr.  Hastings,  Prof.  Holden  has  been 
led  to  snpply  the  second  also,  for  the  more  general  reader,  in  the  biog- 
raphy above  named. 

An  account  of  Part  II  of  the  Catahgvs  lAirorum  of  the  Pulkova  ob- 
servatory must  bo  deferred  nntil  the  next  year,  this  important  work 
liaviug  bat  just  reached  this  country. 
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exjRVEYa. 


Our  National  and  State  govemmente  have  never  failed  to  appreciate  ^ 
that  tlie  qnestioDS  to  be  answered  by  geological  iurestigation  are  so 
numeroos,  and  of  importance  in  so  many  directions,  that  public  aid 
should  be  given  sach  studies  in  order  to  render  them  systematic  and 
more  nearly  complete.  That  we  remain  most  ignorant  of  the  structure 
and  geological  resources  of  some  of  the  oldest  and  ablest  States  is,  how- 
ever, a  faut  which  will  attract  attention.  The  investigations  that  have 
been  made  during  the  past  two  years  have  aided  much  in  developing  a 
knowledge  of  the  natural  history  and  resources  of  wide  areas.  The  State 
of  Pennsylvania,  for  example,  has,  through  its  geologist.  Professor  Les- 
ley, published  now  in  all,  since  1875,  forty-two  volumes,  seventeen  of 
which  appeared  during  the  last  year.  This  may  serve  as  an  example  of 
the  zeal  with  which  investigation  in  this  department  of  science  has  been 
prosecuted.  Ab  the  amount  of  work  produced  is  dependent  upon  the 
working  force,  a  statement  of  some  of  the  more  important  events  that 
have  influenced  the  public  surveys  will  be  given. 

Before  the  past  year  the  surveys  patronized  by  the  national  gov- 
ernment had  been  prosecuted  by  parties  working  independently  under 
the  supervision  of  different  executive  departments.  Although  much 
of  the  work  produced  by  these  various  surveys  was  acknowledged 
valuable,  it  was  thought  by  many  that  if  they  were  consolidated  Mid 
I>laced  under  one  head,  this  would  be  of  weighty  importance  in  caus- 
ing the  work  to  be  more  systematically  done,  and  would  also  prove 
an  economical  measure.  A  committee  of  the  National  Academy  of 
Sdence,  to  which  this  matter  was  referred,  reported  to  Congress  that 
they  advised  all  government  surveys  to  be  consolidated  under  two 
heads :  Ist.  A  survey  of  mensuration,  by  -which  the  work  previously 
done  by  the  coast,  and  geodetic,  and  land  surveys  should  in  the  future 
be  done ;  and  2d.  A  survey  to  which  should  be  referred  all  questions 
relating  to  the  geological  structure  and  natural  resources  of  the  public 
domain.    This  resulted  in  the  organization  of  the  present  United  States 
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Geological  Survey,  and  the  withdrawal  of  appropriatioDS  from  all  pre- 
Tiously  existing  surveys.  There  was  mnch  discussion  and  some  feeling 
excited  in  the  selection  of  a  saitable  director  for  this  survey,  though  the 
appointment  of  Clarence  King,  who  is  so  well  and  favorably  known  for 
his  escellent  geological  work  upon  the  fortieth  parallel,  prodaeed  gen- 
eral satisfaction.  He  immediately  organized  a  working  force  for  geo- 
logical investigation  in  the  public  domain,  and  although  the  new  survey 
has  as  yet  made  no  reports,  the  well-known  ability  of  the  gentlemen  who 
are  at  work  in  this  field  is  an  assurance  of  many  and  valuable  contriba- 
tions  to  science.  In  the  mean  time  the  old  surveys  have  been  permitted 
to  finish  their  work,  and  the  resalt  is  the  addition  of  several  volumes  to 
the  geological  literature  treating  of  the  Western  Territories. 

Several  of  the  State  surveys  have  issued  volumes.  The  work  of  the 
large  and  active  corps  engaged  upon  the  Pennsylvania  survey  has 
been  already  noticed.  K  in  speaking  of  this  and  other  work  by  surveys 
■  I  am  nnable  to  give  any  details  of  their  interesting  discoveries  on  ac- 
count of  their  uamber,  it  is  none  the  less  important  to  draw  attention 
to  the  volumes  from  which  information  can  be  obtained  upon  the  struct- 
ure and  resources  of  some  of  our  most  important  territory  from  an 
economic  standpoint. 

The  Wisconsin  survey  has  pablished  a  large  and  valuable  volume, 
which  contains  work  by  Irving,  Pumpelly,  Brooks,  Wright,  and  others, 
and  which  gives  mnch  information  concerning  Lake  Superior  formations 
and  their  constituent  rocks.  The  nature  and  origin  of  the  Lake  Supe- 
rior iron  ores  and  copper  ores  have  always  been  subjects  of  much  inter- 
est. Poster  and  Whitney  early  examined  and  reported  upon  these  de- 
posits, but  for  many  years  the  testimony  of  students  has  been  such  as 
to  convince  that,  in  opposition  to  the  views  of  Foster  and  Whitney,  the 
iron  ores  are  metamorphic  strata,  and  that  the  copper  was  introduced 
into  the  diabases  and  sandstones  by  solutions  of  copper  salts  and  there 
reduced  to  metal  and  deposited.  Mr.  M.  E.  Wadsworth,  however,  has 
reopened  the  question,  by  having  reached  the  conviction  that  the  iron 
ores  are  eruptive  rocks,  as  advocated  by  Foster  and  Whitney,  and  that 
the  copper  also  was  an  accompaniment  of  the  eruption  of  the  diabases. 
Although  few  are  found  at  present  to  agree  with  Foster  and  Whitney,  it 
is  thns  seen  how  difficult  it  is  to  establish  beyond  dispute  even  the  sim- 
plest questions  of  geological  structure.  The  volume  on  Wisconsin 
geology  treats  the  Iron  ores  as  metamorphic  schists,  and  contains  a 
great  deal  of  careful  lithological  and  stratigraphical  work. 

It  will  be  remembered  that  the  geological  survey  of  Calitbmia,  which 
was  long  directed  by  Prof.  J.  D.  Whitney,  has  been  discontinned. 
What  the  State  refused  to  do  has,  however,  been  pushed  forward  by 
the  private  enterprise  and  energy  of  Professor  Whitney,  aided  by  Har- 
vard College.  His  volumes  upon  the  auriferous  gravels  of  the  Sierra 
Kevadas  is  a  very  valuable  contribution  to  science,  since  it  treats  of  the 
gravels  from  a  geological  standpoint,  and  also  of  the  modes  of  working 
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tiiem.  The  author  still  holds  fast  to  his  opinion  that  the  celebrated 
CalaveraB  Bkull,  which  was  found  by  him  beneath  the  lavas  and  gravel 
of  the  Pliocene  formation,  really  was  deposited  with  these  gravels,  and 
is  confident  that  he  was  not  deceived.  He  is  confirmed  in  his  opinion 
by  the  appearance  of  the  skull  and  the  testimony  of  others  who  have 
examiaed  it.  On  the  other  hand  Hughes,  Dawkins,  and  others  are 
convinced  that  all  evidences  of  man's  existence  on  the  European  conti- 
nent before  the  palaeolithic  age  are  very  unsatisfactory,  and  the  age  of 
the  Calaveras  skuU  is  a  thing  which  even  those  who  believe  in  its  anttq- 
nity  will  wait  to  see  confirmed. 

The  Ohio  survey  has,  under  the  direction  of  Prof.  J.  S.  Kewberry,  pub- 
lished a  large  volume  and  an  atlas;  Alabama,  New  Jersey,'  Minnesota, 
Indiana,  Virginia,  Kansas,  and  the  Canadian  geological  surveys  under 
direction  of  their  respective  heads,  have  issued  volumes  and  reports 
which  render  knowledge  concerning  the  structure  and  resources  of  these 
areas  accessible. 

There  has  been  a  considerable  amount  of  work  done  in  the  mean  time 
by  individuals.  It  is  to  be  considered  as  probable  that  such  work  will 
always  take  high  rank  in  value,  because  it  is  undertaken  only  on  account 
of  deep  personal  Interest,  and  is  more  limited  in  extent,  and  therefore 
often  more  thorough.  Much  of  the  work  referred  to  beyond  is  the 
result  of  private  enterprise. 

STBATIGBlPHY. 

The  great  mass  of  the  communications  to  geological  science  irom  this 
couutry  have  dealt  with  stratigrapbical  geology.  The  volumes  of  sur- 
veys to  which  I  have  referred  have  been  shown  to  be  so  numerous  that 
I  can  do  no  more  than  to  simply  indicate  that  th^e  has  been  great  pro- 
gress in  the  development  of  detailed  knowledge  of  the  stratigrapbical 
arrangement  all  over  the  country.  I  may  recall  in  this  connection  the 
work  of  Professor  Dana,  by  which  the  so-called  Taconic  system  of  schists 
are  shown  to  belong  to  the  Hudson  Eiver  period.  The  age  of  this  sys- 
tem of  rocks,  which  is  of  mnch  importance  in  Green  Mountain  geology, 
has  been  long  a  matter  of  dispute,  and  has  been  discussed  by  very  many 
able  geologists,  and  this  is  not  the  first  time  that  Professor  Dana  has 
expressed  his  opinion  upon  this  point.  His  studies  have  also  led  him  to 
think  that  the  limestones  of  Westchester  County  and  New  Tork  Island 
and  the  associated  metamorphic  rocks  are  of  lower  Silurian  age,  as  are 
also  the  limestones  and  very  likely  the  associated  schists  of  the  Green 
Mountain  region.  These  conclusions,  if  they  are  agreed  in,  must  be  of 
very  great  importance,  for  at  the  present  time  it  is  generally  considered 
here  and  abroad  that  the  presumption  is  in  tavor  of  the  Arohsean  age 
of  a  thoroughly  crystalline  schist.  Note,  for  example,  the  German 
nomenclature  of  tlie  Archffian  formation.  Its  lowest  member  is  the 
"Urgoeiss"  formation,  and  its  next  member  is  the  "Krystallinisohe" 
or  the  "tTrschiefer"  formation.     The  recognition  of  a  whole  system 
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of  Silnrian  crystalliDe  rooks  would  certainly  produce  a  radic^  change 
in  the  existing  opinions  of  many  geologists.  It  is  indeed  recognized 
that  fossils  have  been  found  among  crystalline  ro(±s,  but  since  the- 
lowest  formations  are  crystalline,  and  the  lowest  of  all  are  gneisses, 
in  the  absence  of  fossils  among  such  rocks  they  have  Iteen  called 
Archiean.  This  has  been  mnch  to  the  convenience  of  the  geologists 
and  much  to  the  benefit  of  Bystem .  Geologists  are  slow  to  change  their 
convictions,  therefore,  on  this  point,  because  also  some  crystalline  schists 
of  claimed  modem  age,  as,  for  example,  among  the  Alps,  have  been 
proved  to  be  not  so.  The  nnaided  work  of  Professor  Dana  must  be 
considered  as  an  important  contribntion  to  the  literature  of  this  subject, 
as  also  to  'Sev  England  and  UTew  York  geology.  One  can  not  but  be 
struck  by  the  feet  that  while  the  stratigraphy  of  the  fossiliferous  forma- 
tions of  New  York  were  worked  out  in  such  a  masterly  manner  as  to 
give  the  nomenclatnie  to  American  geology,  the  crystalline  formations, 
both  as  regards  their  lithology  and  their  stratigraphy,  were  left  as  a 
completely  unsolved  riddle. 

VOLCANIC  PHENOMENA. 

The  violent  eruption  of  Mount  Etna  has  been  th9  most  important 
volcanic  event  of  the  year.  This  is  not  because  it  was  so  especially 
,  grand  or  remarkable,  but  Etna  and  Yesnvius  have  been  longer  and 
more  critically  studied  than  any  volcanoes  on  the  earth;  and  conse- 
quently every  minor  event  counected  with  these  volcanoes,  situated  so 
near  centres  of  scientific  learning,  is  very  important,  while  an  eruption 
of  any  volcano  in  distant  lands  is  less  interesting  only  because  less 
studied.  When  early  in  May,  1879,  it  was  announced  that  Etna  was  iu 
eraption,  hours  had  not  elapsed  before  eminent  scientists  were  en  route 
from  all  parts  of  Europe.  The  lavas  were  not  oold  before  they  were 
anaJyzed  and  microscopically  examined ;  and  the  number  of  independent 
works  which  have  followed  one  another,  treating  of  the  pheuooiena  and 
products  of  this  eruption,  has  been  so  large  as  to  show  the  acute 
expectation  with  which  the  operations  of  this  great  volcano  are  watched. 
The  material  erupted  formed  very  large  lava  streams,  which  crystallized 
into  an  augite  andesite.  Professor  von  Lasaulx,  of  Kiel,  has  recently 
edited  the  extensive  work  of  Sartorius  von  Waltershansen  on  Etna, 
and  has  completed  it  and  added  numerous  observations  of  his  own. 

Vesuvius  has  also  had  its  eruption,  and  this  has  strengthened  the 
opinion  of  some  who  think  that  there  is  some  connection  between  this 
volcano  and  Etna.  Manna  Loa  has  also  bad  a  grand  eruption,  and  the 
volcanic  glasses  of  the  Hawaiian  Islands  have  been  studied  by  Cohen. 
Bnt  perhaps  the  most  intereatiug  eruption  has  occurred  near  us,  and 
has  been  described  by  Mr.  Goodyear  and  by  a  commission  sent  out  by 
the  Government  of  Guatemala.  In  Becember,  1879,  an  earthquake 
occurred  at  San  Salvador  which  filled  the  earth  with  cracks,  broke  the 
telegraph  wires,  shook  down  hilts,  produced  great  land  slides,  and  opened 
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a  volcanic  veat  in  the  midst  of  a  lake,  abont  which  a  largt;  island  imme- 
diately proceeded  to  build  itself.  The  lake  is  called  the  Ilopango  See, 
and  is  nine  kilometers  long  and  seven  kilometers  wide.  The  level  of  its 
waters  was  raised  before  the  eruption  to  such  a  degree  as  to  make  a 
flood  ia  the  valley  of  its  oatlet;  and  its  waters  were  so  heated  and  im- 
pregnated with  snlphnreted  hydrogen  as  to  exterminate  the  fish,  which 
were  very  abundant  in  the  lake.  The  dead  fish  were  buried  with  great 
labor  and  expense,  in  order  to  avoid  pestilence.  The  volcanic  cone  in  the 
lake  repeat^ly  grew  to  considerable  dimensions,  and  was  as  reiteatedly 
blown  to  pieces.  This  lake  is  suTrouuded  by  volcanic  cooes,  and  re- 
minds one  of  the  well-known  Laacher  See,  which,  however,  has  no  out- 
let One  looks  forward  to  the  time  when  volcanic  phenomena  near  us 
will  receive  the  critical  and  continaoos  study  which  alone  can  make 
them  of  extreme  interest. 

Some  other  European  volcanoes  beside  Vesuvius  and  Etna  have  been 
monographed.  The  work  of  F.  Fouqu6,  aided  by, the  French  Govern- 
ment, on  Santorin  and  its  eruptions,  is  one  of  the  most  beautifiil  and 
complete  treatises  which  has  been  devoted  to  a  volcano.  The  topog- 
raphy of  the  island,  the  history  of  all  the  eniptions,  records  of  which 
esist  in  hist^u-y,  outlines  illustrating  the  various  changes  that  have 
taken  place  in  the  form  and  extent  of  the  islaud,  and  beautiful  pictures 
of  the  microscopic  sections,  illustrating  the  mineral  composition  of  the 
various  eruptions,  all  combine  to  make  an  interesting  and  Instructive 
volume.  Santorin  is  a  orescent-shaped  island  in  the  Grecian  Archipel- 
ago. It  has  several  craters,  part  of  which  are  submarine.  The  last 
eruption  occurred  in  January,  1866,  which  materially  increased  the 
size  of  the  island.  This,  together  with  the  other  historic  and  the  pre- 
historic eruptions,  are  troated  in  much  detail;  and  the  440  pages  of  this . 
quarto  volume  show  how  greatly  science  is  euriched  by  careful  study  of 
small  areas. 


The  question  of  the  origin  of  the  loess  formations  has  excited  much 
interest.  Loess  is  that  very  fine-grained  calcareous  unstratified  deposit 
which  occupies  the  river  valleys  of  many  rivers,  notably  the  Bhine.  It 
is  characterized  by  the  Juclusiou  of  the  shells  of  land  snails,  and  by 
concretions  of  limestone,  which  take  very  peculiar  shape,  looking  very 
much  like  potatoes,  but  liable  to  take  any  form.  The  Germans  call  them 
loess  doUa.  This  deposit  ia  so  firm  in  its  texture  that  when  a  cut  is 
made  through  it,  its  walls  will  not  crumble  and  wash  away,  as  do  the 
walls  of  ordinary  loose  material,  but  for  years  they  will  maintain  their 
vertical  surfaces,  and  preserve  marks  that  are  made  in  them  with  knives 
or  walking  sticks.  Indeed,  names  and  pictures  carved  an  these  loess  walls 
form  one  of  the  characteristic  fossils  of  the  formation.  Von  Eichthofen, 
who  knew  this  formation  well,  has  shown  that  it,  or  a  like  formation,  exists- 
over  large  areas  in  the  Asiatic  interior,  and  he  has  considered  that  it  Is 
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there  a  wind  deposit,  and  ho  extends  this  explanation  to  the  loess  in  the 
valleys-  Pampelly,  who  has  also  had  opportunity  to  see  these  deposits 
in  the  dry  steppes  of  Asia,  has  agreed  with  von  Richthofen,  but  his  dis- 
cussion of  the  question  and  the  application  of  the  theory  to  the  formation 
in  the  MissisBippi  Valley,  Incited  dissent  from  Winchell,  Hilgard,  Broad- 
head,  and  Todd,  all  of  whom  are  familiar  with  the  formation  in  the  Mis- 
sissippi Valley,  a  nd  who  all  agree  that  no  Eeolian  hypothesis  will  explain 
the  accumulation  of  this  material,  and  they  consider  that  the  facts  show 
that  it  was  gathered  in  quiet  fresh  waters,  though  salt-water  shells  are 
not  entirely  ahsent-  They  show  that  the  Mississippi  formation  is  iden- 
tical with  that  in  the  Rhine  Valley,  and  possesses  all  its  strange  pecu- 
liarities, and  that  hence  this  river  valley  formation  was  not  made  of 
drifting  sands  anchored  by  grass,  such  as  accumulates  upon  the  steppes 
and  deserts. 

DBIFT- 

Another  of  the  great  unsettled  problems  is  the  origin  of  the  drift 
that  is,  there  still  remain  advocates  of  opposing  theories.  Credner  does 
not  hesitate  still  to  refer  the  drift  that  covers  our  northern  lands  to  the 
action  of  floating  ice,  nor  is  ho  alone  in  his  opinion.,  Mr.  Upham,  who 
worked  upon  the  surface  geology  in  New  Hampshire,  in  connection  with 
the  geological  survey,  has  traced  what  he  considers  the  terminal 
motaine  of  the  great  glacier  sheet  that  covered  the  northern  portion  of 
America,  almost  across  the  coaatry-  He  finds  this  terminal  moraine 
stretching  along  Long  Island,  westward  across  S'ew  Jersey,  and  thns 
onward.  He  finds  remains  as  well  of  a  second  parallel  moraine,  Ihr- 
ther  to  the  north,  which  marks  a  stage  in  the  retreat  of  the  glacier. 
It  is  worth  remarking  that  the  drift  deposits  which  cover  the  extensive 
'l^"orth  German  plain  have  been  subjected  to  much  and  careflil  study 
during  this  period.  The  character  of  the  bowlders,  which  are  largdy 
identical  with  Scandinavian  and  Finland  rocks,  have  been  much  studied, 
and  those  works  which  have  attracted  most  attention,  notably  that  of 
Bereudt,  do  not  attempt  to  explain  all  facts  by  referring  them  all  to  an 
QDyielding  system.  Rather,  the  facts  tend  to  confirm  a  belief  in  the 
alternations  of  the  action  of  floating  ice  and  glacier,  and  distinctions 
between  the  undoubted  action  of  the  one  and  the  other  are  clearly  rec- 
ognized. By  Mr.  Upham,  as  by  most  recent  students,  the  effects  in 
America  have  been  mostly  referred  to  the  action  of  an  immense  glacial 
sheet,  with  local  tributaries,  and  to  the  rush  of  waters  attendant  npon 
the  melting  of  this  body  of  ice. 


Small  deposits  of  coal  have  been  found  in  various  geologieal  horizons 
lower  titan  the  carboniferous.  For  example,  anthracite  of  silurian  age 
occurs  on  the  Isle  of  Man,  and  is  supposed  to  have  been  formed  from 
an  aooomolatiou  of  alg^    It  has  been  found  in  the  graptolite  bearing 
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Bilnrian  schists  of  Scotland,  IrelaDd,  Portnga],  and  also  in  Kew  Yorlc 
State.  Bnt  Inostranzeff  iias  sbowB  tliat  a  large  lied  of  anthracite, 
which  is  worked  od  a  large  scale  in  the  Saoneshje  region  of  BnsBia,  be- 
longs to  the  Hnron  age.  He  finds  fonr  kinds  of  carbonaceous  mate 
rial,  and  among  these  graphite  is  found.  This  carries  the  coal  period 
back  into  the  archiean,  and  is  interestiDg  as  throwing  some  light  on  the 
formation  of  the  graphitic  schists.  There  is,  then,  no  break  in  the  line 
of  coal-beaj^ng  rocks  between  the  crystalline  schists,  and  the  rocks 
bearing  tertiary  lignites  or  the  recent  peat  beds. 

The  Pennsylvania  geologists  do  not  think  that  position,  with  r^erence 
to  the  disturbing  forces  that  have  elevated  the  Appalachian  Monntains, 
will  alone  account  for  the  formation  of  anthracite.  The  coal  deposits 
do  indeed  become  more  bitnminons  to  the  west,  bnt  not  in  such  propor- 
tion as  would  be  expected  if  distorbance  were  the  cause.  The  character 
of  the  strata  which  cover  them,  and  the  depth  of  burial,  are  of  mach 
importance  in  determining  the  present  nature  of  coal  beds. 
OLAY  BLATfi. 

The  origin  of  slaty  deavage,  except  so  far  as  that  it  resnlts  from  press- 
nre  has  never  been  settled.  Sorby  mixed  micaceoos  hematite  with  clay, 
and  by  pressure  he  caused  these  scales  ^1  to  assume  a  common  posi- 
tion, and  he  argued  that  such  pressures,  acting  in  given  directions,  could 
give  the  structure  to  any  of  the  schists,  and  cleavage  to  the  slates  by 
simply  arranging  elongated  or  flattened  particles.  This  experiment  has 
often  been  repeated  with  various  modifications,  and  it  sorely  is  a  fact 
that  such  pressures  acting  as  indicated  have  produced  many  features 
that  we  see  in  the  rocks.  Tyndall,  however,  considered  slaty  cleavage 
a  result  of  the  flattening  of  particles.  Mr.  E.  W.  Ellgard,  with  agri- 
cultural ends  in  view,  has  made  experiments  upon  the  flocculation  of 
particles,  and  be  shows  that  fine  sediments  suspended  in  agitated  water 
tend  to  flocculate,  and  form  little  masses  which,  acted  upon  by  compres- 
sion, are  easily  flattened.  He,  therefore,  is  strongly  of  the  opinion 
that  Professor  l^dall  is  correct.  It  may  further  be  said  concern- 
ing clay  slates,  that  microscopic  study  has  tended  to  modify  exist- 
ing opinions  concerning  these.  They  have  been  usually  considered  as 
hardened  indurated  clays,  and  classed  among  liragmental  rocks.  The 
microscope  reveals  in  these  rocks,  however,  crystalline  elements  which 
Kalkowski  has  thought  he  proved  to  be  staurolite,  and  which  have  been 
thought  by  van  Werveke  and  others  to  be  of  mtile.  The  fragmental 
nature  of  the  rock  is  very  difficult  to  establish,  and  with  these  evidences 
of  crystalline  structure  there  is  no  reason  to  think  that  most  slate  is 
anything  more  than  an  excessively  fine  grained  kind  of  mica  schist, 
made  perhaps  by  the  same  forces  acting  in  a  less  efficient  manner. 

GBYSTAI^LinE  SOHISTB. 

I  think  it  can  be  said  that  but  littie  progress  has  been  made  during 
tiie  past  two  years  in  the  study  of  l^e  crystalline  schists,  so  far  as  the 
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theory  of  tbeir  origio  is  concraned.  The  same  old  aigaments  of  the 
metamorphiam  of  sedimeDts  are  advanced,  and  they  are  met  by  the 
same  objectioDS.  One  would  frequently  be  tempted  to  think,  on  read- 
lug  treatises  that  deal  with  this  subject,  that  the  matter  was  clearly  and 
well  understood,  yet  there  still  remain  many  able  scholars  to  whom  "  the 
crystalUne  schists  remain,**  as  Inostranzeff  says,  '*  lithological  hiero- 
glyphics." 

Moreover,  the  study  of  the  rocks  themselves  has  been  in  a  backward 
state.  Lithologists  have  now  for  years  been  very  busy  investigatiag 
the  ^ptive  rocks,  and  the  result  is  that  volumes  of  interesting  infor- 
mation concemiag  their  nature  and  composition  have  been  issued,  and 
a  system  of  classiflcatioQ  devised,  which,  if  not  satisfactory  to  all,  is  at 
least  suited  to  the  wants  of  the  time.  TSo  very  systematic  work  has 
thus  &r  been  attempted  on  the  schists,  and  the  subject  is  in  a  rather 
chaotic  condition.  Tet  it  can  be  said  that  more  studies  have  been  made 
on  local  groups  of  schists  daring  the  past  two  years  than  ever  before, 
and  many  new  and  interesting  varieties  have  been  found,  and  many  facts 
accumulated  for  future  systematization.  The  following  circumstances 
may  be  considered  as  interesting,  and  may  indicate  the  character  of  the 
work  performed. 

Olivine  has  been  shown  to  be  a  constituent  of  some  hornblende 
Bohistfi  by  K^kowsky,  and  a  great  group  of  stratified  olivine  rocks, 
which  occur  in  Swedra,  have  been  shown  by  Bensch,  and  afterward  by 
Brogger,  to  belong  to  the  crystallina  schists.  The  time  was  when  oli- 
vine was  considered  as  esfwcially  characteristio  of  eruptive  rocks,  but  it 
may  be  considered  that  it  is  very  f^  from  being  confined  to  this  group. 

The  very  abundant  occnrrence  of  mtile  in  the  schists  has  been  shown 
by  several  writers,  notably  by  Sauer.  Tins  has  provoked  much  discus- 
sion, since  some  minerals,  previously  referred  to  Zircon,  are  probably  of 
mtile.  Zircon  is,  however,  sometimes  a  constituent  of  the  schists.  Mr. 
van  Werveke  thinks  the  heart-shaped  crystals  in  the  whetstone  schists 
may  be  of  rutile. 

It  has  often  been  assumed  that  the  rocks  composed  of  tridinlc  feld- 
spar with  members  of  the  pyroxene  and  hornblende  group  were  mostly 
eruptive.  Even  plainly  stratified  rocks  of  this  kind  have  been  con- 
sidered as  lava  overflows  or  tuffs.  Many  studies  have  been  made 
in  the  period  under  consideration  wtiich  show  that  such  rocks  occur 
abundantly  among  the  stratified  schists.  Benecke  and  Cohen  describe 
such  in  the  neighborhood  of  Heidelberg,  and  Bolle  a  whole  series  of  such 
fyxfm  the  Bhiitic  Alps.  Fouque  and  Levy  describe  such  under  the  name 
«f  Amphibolite  gneiss;  Stelzner  such  fh)m  Lapland,  and  yet  many 
others  have  been  mentioned.  It  will  be  remembered  that  this  is  a  sub- 
ject in  which  Professors  Hunt  and  Dana  have  in  times  past  taken  much 
interest,  and  the  group  of  crystalline  schists  is  now  generally  regarded 
as  including  rocks  of  this  class.    This  is  an  advance. 

Several  efforts,  notably  by  A.  Sauer,  have  been  made  to  show  that 
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bowlders  exist  in  gneias.  The  theories  as  to  the  originnl  method  of 
accmnnlatioiL  of  gneisses  would  be  modified  by  this  demonstration. 
There  still  remains,  however,  too  maoh  diversity  of  opinion  coacemiDg 
what  constitates  a  gneiss.  It  is  generally  known  that  a  pnrely  eruptive 
granite  can  assnme  a  stratified  structure,  and  many  writers  are  not  clear 
enongh  in  dividing  anch  stratified  granites  &om  the  group  of  crystalline 
schists.  Little  progress  will  be  made  till  this  is  done.  A  gneiss  with 
bowlders  might  be  a  stratified  granite,  and  granites  are  liable  enongh 
to  inolnde  strange  rocks. 

One  writer  has  even  urged  that  gneisses  are  tuff  rooks.  He  recalls 
that  the  moon's  surface,  upon  which  water  has  not  worked,  is  entirely 
covered  with  eruptive  rocks  and  volcanic  products,  and  argues  there- 
firom  that  our  oldest  rocks  must  have  been  volcanic  No  one  knows, 
however,  what  were  our  oldest  rocks,  and  it  is  generally  supposed  that 
the  primitive  rocks  were  early  and  finally  buried  beneath  their  own 


In  the  mean  tame  Lehmann,  Heim,  Baltzer,  and  still  others  have  con- 
tributed to  our  knowledge  of  the  mechanical  distortion,  the  softening 
and  leerystallizing  of  pebbles  and  solid  rock  masses  by  geological  agen- 
cies. 

Schists  intersected  by  the  (^otthard  tunnel,  schists  &om  the  Fichtel 
and  Eulengebirge,  schists  in  the  districts  of  all  the  geological  surveys 
have  been  studied  and  their  mineral  components  determined.  Thus 
otir  knowledge  of  these  rocks  has  been  much  extended,  and  one  can 
conclude  that  although  no  theories  are  generally  adopted,  a  very  long 
step  has  been  taken  in  gathering  together  details  of  it^ormation,  which 
will  all  be  systematized  at  some  ftitnre  time. 

LITHOLO0T. 

The  modem  methods  of  litbological  research  and  the  results  thereby 
achieved  have  never  received  much  attention  in  annual  records,  nor  in 
any  popolar  publications.  The  dropped  thread  can  therefore  scarcely 
be  with  profit  taken  up  as  the  science  stood  in  1879. 

Lithology  has  always  been  recognized  as  an  import>ant  department  of 
geology,  and  the  rooks  were  studied  and  systematized  long  ago.  "Sow 
that  the  methods  are  so  moch  improved,  and  qnestion'^  of  composition 
are  solved  with  such  ease,  it  is  only  a  wonder  to  the  modem  students 
how  the  older  students  found  out  as  much  as  they  did.  By  the  most  la- 
■borions  processes  at  least,  the  talented  geologists  of  the  past  generati(»i 
investigated  with  great  acuteness  and  often  discovered  with  accuracy 
the  partial  composition  of  the  rocks. 

The  application  of  the  microscope  to  lithology  has  now  become  an  old 
feature.  The  studies  by  Brewster  on  the  gems  and  crystals,  of  Sorby 
on  crystals  and  on  the  cavities  in  the  minerals  of  rocks,  of  Zirkel  on  the 
basalts,  and  very  many  others,  have  long  been  classic.  These  studies 
were  made  by  persons  o£  great  experience  and  keen  observational 


230  GEOLOGY. 

povrera,  who  familiarized  ttiemBelTea  with  the  objects  that  they  studied 
aud  learned  to  recoguize  them.  The  great  step  in  advance,  for  the  aid 
of  the  new  stadents,  was  made  by  Bosenbnsch,  who  applied  the  optical 
principles  discovered  and  analyzed  by  Dee  Cloizeaox  to  the  examination  . 
of  microscopic  crystals  as  seen  in  extremely  thin  sections  of  rocbu.  Des 
Gloizeaux  having  dedaced  the  optical  properties  of  all  commonly  occor- 
ring  minerals,  these  same  properties  were  songht  in  the  microscopic 
sections,  and  the  determination  aided  by  a  microscope  adapted  to  the 
purpose.  The  limited  knowledge  of  minerals  in  general  and  the  lack  of 
knowledge  ofoptical  properties,  had  been  the  reason  why  the  suggestion 
of  Cordier,  who  in  1816  recommended  the  employment  of  the  microscope 
in  geology,  had  never  been  to  any  extent  followed.  During  these  last 
years  a  very  respectable  proportion  of  the  geological  literature  published 
in  Germany  has  been  devoted  to  microscopical  litfaology.  The  study 
has  reached  a  high  state  of  perfection  in  France,  but  less  of  consequence 
has  ever  been  done  by  the  English  or  Amerioans.  These  few  words 
may  serve  as  an  Introdnction  to  the  progress  of  the  past  two  years. 

As  one  mark  of  interest  in  this  subject,  the  change  in  the  editorship 
of  perhaps  the  most  important  geological  magazine  should  be  noted. 
The  "Jahrbucb  fiir  Mineralogy  und  Palcdontologie^  which  for  a  half 
century  had  been  conducted  by  Leonhard,  and  later  by  Leonbard  and 
G^eiuitz,  has  now  passed  into  the  hands  of  a  trio  of  editors,  one  of  whom 
represents  mineralogy  (Professor  Klein,  of  Gottingen],  one  jmlfeontology 
(Professor  Beneche,  of  Strasbnrg),  and  one  of  whom  represents  inor- 
ganic geology,  and  to  this  office  Professor  Bosenbnsch,  of  Heidelberg, 
the  eminent  lithologist,  was  called.  These  gentlemen  have  organized  a 
corps  of  assistants  in  the  varion  s  lauds,  and  aim  to  make  this  periodical 
a  general  exponent  of  progress  in  the  subjects  that  they  cover.  They 
have  issued  two  volumes  during  the  past  year,  instead  of  one  as  hereto- 
fbre,  and  it  is  certainly  veiy  pleasing  to  the  students  to  have  recourse 
to  such  an  encyclopedic  work  now  that  mineralogical  and  geologic^ 
literature  is  so  extensively  published  in  a  multitude  of  often  inacces 
sible  magazines  and  proceedings  of  societies. 

The  first  treatise  that  has  ever  been  written  npon  lithology  in  the 
English  language  has  appeared.  There  have  heretofore,  it  is  true,  been 
translations,  notably  of  von  Cotta's  work,  and  Uttle  chapters  in  geology 
have  been  devoted  to  lithology ;  but  von  Cotta's  book  is  (dd,  and  the 
chapters  in  geological  works  laid  claim  to  few  pretensions.  The  new 
book  is  by  Frank  Butley,  and  was  published  in  London.  To  be  sure, 
it  is  very  ixwr,  and  is  mostly  abstracted  from  the  writings  of  Germans, 
but  it  is  beginning  to  be  improved  upon. 

In  this  country,  within  the  past  two  years,  interesting  misoroscopic 
lithological  work  has  been  done  by  gentlemen  connected  with  the  Wis- 
consin geological  survey,  and  some  initiative  attempts  have  been  made 
niKtn  rocks  in  Pennsylvania  and  Massachusetts.  I  have  already  referred 
to  the  first,  and  the  latter  are  hardly  in  a  condition  to  be  reviewed  yet. 
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One  of  the  moat  important  additions  to  lithological  liter&tare  dur- 
ing the  past  two  yeara  is  the  volume  on  Min&ralogie  Micrograpbique 
Boehes  JSruptivea  Ih'ancaisea,  by  Fonqu6  and  Levy.  The  volume,  though 
large,  is,  however,  simply  an  introduction,  and  treats  of  microscopic 
minerals  and  methods  of  investigation.  The  volume  is  aecompanied  by 
a  large  atlas  of  fifty-five  plates ;  this  contains  lithographic  and  photo- 
graphic reproductions  of  sections  as  seen  under  the  microscope — ^pic- 
tures which  in  beauty  and  accuracy  have  never  heretofore  been  equalled, 

A  question  extensively  handled  in  this  volume  is  the  means  for  the 
determination  of  optical  properties  in  chance  sections,  while  the  work  of 
Sosenbusch  aimed  more  to  show  how  one  might  find  sections  cut  in  defi- 
nite directions,  and  then  determine  their  optical  properties.  By  a  very 
elaborate  study,  Fouqu6  and  Levy  deduce  what  properties  sections  should 
have  which  might  be  cut  in  a  multitude  of  ways  throngh  a  crystal  of 
a  given  kind.  This  subject  for  the  feldspars  had  been  earlier  opened 
by  Professor  Fompelly,  in  our  country. 

Yet  however  accurate  these  calculations  may  be,  and  how  far  beyond 
criticism  are  tbs  results,  there  are  many  practical  difficulties  which  will 
cause  this  method  to  be  applied  only  to  a  most  limited  extent.  Much 
more  practical  and  fruitful  in  results  is  the  method  which,  though  not 
original  with  him,  Thoulet  has  applied  to  the  mechanical  separation  of 
rock  ingredi^ts.  A  solution  of  the  iodide  of  potassium  will  dissolve 
mercury  iodide,  and  the  resultant  fluid  is  heavier  than  the  more  common 
rock  ingredients,  which  consequently  will  float  upon  it.  By  addition  of 
water  the  density  of  this  fluid  can  be  reduced  to  any  desired  x>oint,  and 
the  various  constituent  minerals  that  compose  the  powder  of  a  rock 
which  is  thrown  into  and  mixed  with  this  fluid  can  be  made  to  settle 
out  one  by  one  in  a  state  of  purity  and  fit  for  analysis.  This  method 
has  already  yielded  practical  results ;  one  of  these  is  the  demonstration 
that  rocks  are  even  more  complex  in  mineral  composition  than  had 
been  supposed. 

This  brings  qh  back  once  more  to  the  question  of  the  feldspathic  con- 
stituent of  rocks,  which  is  of  much  importance,  because  fddspar  is  the 
most  generally  distributed  of  all  rock  constitnents.  Many  methods 
have  been  proposed  for  their  determination.  Optical  methods  usually 
allow  potash  feldspar  to  be  distinguished  from  the  otiier  sx>ecies,  but 
if  more  than  one  of  the  other  kinds  be  present,  optical  methods  only 
allow  the  one  with  greatest  obliqity  of  elasticity  planes  to  be  detennined. 
Consequently,  rocks  bare  been  usually  determined  as  being  comi>osed 
of  one  species  of  triclinio  feldspar  with  other  minerals,  or  of  one  species 
of  trielinic  feldspar  with  orthoclase  and  other  minerals.  Fouqu^,  in  his 
work  on  Santorin,  indicated  that  the  feldspathic  constituent  of  rocks 
was  more  complex,  and  the  application  of  the  specUic  gravity  fluid  bids 
&ir  to  prove  that  this  complexity  is  quite  general 
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But  the  determination  of  the  miaeral  composition  of  rocks  is  not  the 
highest  end  of  microscopic  work.  The  mere  enameratiou  of  the  compo- 
nents of  various  stones  can  prove  wearisome  in  the  extreme.  Wheii 
the  microscope  comes  to  aid  in  the  solution  of  geological  problems,  then 
its  developments  become  of  the  greatest  interest.  It  has  been  applied 
with  greatest  success  in  the  study  of  the  changes  induced  on  schists  and 
stratified  rocks  by  the  influence  of  eruptive  masses.  The  study  of  these 
so-called  contact  phenomena  had  been  pnrsued  by  students  such  as 
Daubr^e  and  Lossen,  in  the  field,  with  most  satisfactory  results,  but  it 
never  became  so  interesting  as  when  Bosenbusch  applied  the  microscope 
and  chemical  analysis  to  the  study  of  the  rocks  that  lay  against  the  gran- 
ites in  the  Vosges. 

Another  remarkable  case  of  contact  has  during  the  past  year  been 
studied  and  described  by  myself,  lu  the  celebrated  Crawford  Noteh  of 
the  White  Mountains  an  immense  mass  of  granite,  many  square  miles 
in  extent,  comes  in  contact  with  an  area  of  hydrous  schists.  If  one  ap- 
proaches this  contact  fi?om  the  side  of  the  granite,  most  marked  changes 
are  seen  to  take  place,  and  changes  of  such  a  nature  that  the  granite 
would  not  be  recognized  as  such  in  the  neighborhood  of  the  contact.  In 
tact,  it  becomes  a  quartz  porphyry.  But  the  microscope  and  analysis 
prove  that  it  is  the  same  granite  only  modified  in  the  style  of  its  crys- 
talizatiou  by  the  quicker  cooliug  induced  by  the  cold  walls.  On  the  side 
of  the  schist,  however,  not  merely  have  the  rocks  been  physically  altered 
by  the  heat  of  the  granite,  but  they  have  been  materially  altered  in  com- 
position, and  filled  with  new  minerals  by  reason  of  an  impregnation  with 
vapors  and  solutions  brought  up  and  forced  far  intothembytheeruption 
of  the  granite.  The  granite  upon  the  contact  is  mixed  with  fragments 
of  various  kinds  of  schist  which  were  torn  from  the  walls  as  the  molten 
rock  ascended,  and  the  granite  has  in  places  thrown  long  arms  out  into 
the  schist.  There  are  seven  distinct  zones  marked  by  different  minerals 
and  structural  features  between  the  granite  and  schist,  and  these  zones 
have  definite  boundaries  and  owe  their  origin  to  the  contact.  This 
same  granite  in  meeting  the  schists  at  another  point  has  induced  the 
same  series  of  zones,  but  the  zoue  of  mixed  schists  and  granite  is  moun- 
tain great,  forming,  in  fact,  Kearsarge  and  Moat  Mountains.  I  speak  of 
this  stud;  as  a  stage  of  progress  because  contact  phenomena  have  re- 
ceived Uttle  attention  in  America,  and  the  features  that  determine  the 
eruptive  nature  of  a  granite  have  been  ill  defined.  Granite  means  al- 
most anything  iu  this  country,  and  most  of  the  granite  masses,  including 
this  one,  have  by  some  been  classed  among  metamorphic  rocks.  Internal 
structure  and  hues  of  stratification,  which  granites  frequently  present 
have  been  considered  as  evidences  of  sedimentary  and  metamorphio  ori- 
gin, although  it  is  well  known  that  volcanic  products  are  often  stratifled. 
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Evidentiea  of  tie  origin  of  many  8qc1\  roots  are  to  be  obtained  by  the 
study  of  contact  phenomena,  and  the  true  line  of  division  between  gran- 
ite and  gneiss  is  to  be  thns  dednced. 

BXPSBIHENTAl.  QEOLOQT. 

There  has  of  late  years  been  moch  leas  interest  felt  in  speculative  ge- 
ology ;  or  rather,  it  has  been  the  tendency  to  bring  geological  phenomena 
more  easily  within  the  limits  of  common  comprehension  by  showing  that 
analogous  effects  can  be  produced  by  very  simple  causes  that  are  within 
our  control  or  limits  of  our  observation.  The  great  work  by  Charles 
Lyell  on  the  principles  of  geology,  in  which  he  showed  that  the  geo. 
logical  forces  that  are  daily  active  about  us,  if  allowed  to  operate  a  suffi- 
cient time,  would  produce  the  results  that  are  described  by  geologists, 
was  a  great  move  in  this  direction,  and  students  have  been  ever  more 
and  more  active  in  attempting  to  reproduce  phenomena  seen  in  nature 
in  the  laboratory.  Daubr^e,  who  has  been  very  active  in  this  direction, 
has  brought  together  all  his  researches  into  a  single  volume,  which  he 
calls  "  Synthetic  Studies  upon  Experimental  Geology."  Here  one  finds 
the  results  of  his  celebrated  studies  on  the  minerals  formed  by  the  hot 
water  in  the  old  Boman  baths,  on  the  minerals  formed  m  sealed  tnbes 
ctmtaining  very  hot  water,  and  on  the  production  of  minerals  by  pro- 
cesses of  sublimatioD.  Here,  also,  are  detailed  the  results  of  experiments 
designed  to  stratify  plastic  materials  in  imitation  of  rocks,  to  joint  and 
cleave  rocks  as  it  is  done  in  nature,  and  results  of  experiments  designed 
to  form  artificially  products  of  the  nature  and  composition  of  meteorites. 
The  book  is  a  &8ctnating  one,  and  contains  in  addition  many  new  &cts. 

Besides  this  volnmiuous  work,  many  contributions  have  been  made 
to  experimental  geology,  some  of  which  are  referred  to  under  the  head 
of  mineralogy.  It  is  proper  to  notice  here  the  circumstance  that 
Fouqu6  and  Iievy  have  accurately  reproduced  lencitic  lavas  like  those 
that  have  issued  from  Yestivios,  as  well  as  nephelin-holding  and  other 
common  volcanic  rocks.  This  is  interesting,  because  leucite  passes  as 
an  infusible  mineral,  and  for  this  reason,  and  because  it  is  not  always 
the  first  mineral  to  crystallize  in  these  rocks,  the  question  has  been  dis- 
cussed whether  these  lavas  result  fhim  a  purely  igneous  fusion.  80  far 
as  the  possibilities  of  the  case  are  concerned,  the  question  may  be 
regarded  as  settled. 

EOZOON  OANADENSE. 

Perhaps  no  question  in  American  geology  has  excited  such  long  and 
bitter  controversy,  participated  in  by  students  who  have  considered  it 
from  such  variedstandpoints,  as  the  question  of  the  organic  or  inorganic 
nature  of  this  form  that  has  been  found  in^e  rocks  of  various  lands. 
Those  who  have  believed  in  it  most  fiilly  have  been  those  most  familiar 
with  its  mode  of  occurrence,  and  this  has  always  strengthened  their 
case,  supported  as  it  has  been  by  eminent  zoological  authority.    Yet 
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miueralogiats  have  never  found  jt  difflcnlt  to  explain  its  formation  by 
pnrely  inorganic  forces.  Perhaps  the  qaestion  has  never  been  so  near 
Bettlement  as  wheu,  shortly  ago,  Karl  Mdbias,  professor  of  zoSlogy  at 
Kiel,  published  a  most  exhaustive  study  of  specimens  obtained  iu  part 
from  the  original  describers.  He  concluded,  after  careful  microscopic 
study  and  comparison  with  assumed  allied  forms,  that  there  is  nothing 
to  justify  the  sappositiou  of  its  organic  nature.  His  opinion  was,  in- 
deed, not  of  siifDcieot  weight  to  convince  those  of  fixed  opposite  opinion, 
neither  will  probably  agreement  be  ever  reached  in  this  generation,  for, 
as  the  believers  in  it  say,  the  evidences  are  before  us  and  we  have  but 
to  form  our  judgment. 

SUBSIi.BmE  GEOLOaT. 

Mr.  Alexander  Agassiz,  incidentally  to  his  work  of  dredging  in  the 
deep  waters  of  the  Atlantic,  has  found  that  shallow  waters  connect  the 
West  Indian  islands  with  the  South  American  continent,  and  this, 
together  with  the  notable  fact  that  the  flora  and  fauna  of  these  islands 
are  related  to  those  of  Central  America,  and  not  to  those  of  the  southern 
United  States,  indicate  that  in  past  time  these  were  very  probably  a 
part  of  the  southern  continent.  This  may  be  considered  as  another 
addition  to  geology,  gained  by  the  investigation  of  the  ocean's  bottom, 
so  many  of  which  were  gained  by  the  British  expeditions.  Professor 
Yerrill  has  found  tertiary  fossilifecous  rocks  by  dredging  off  the  north- 
em  coasts. 

GHEQUCAI.  GEOLOGS. 

The  work  upon  general  and  chemical  geology  by  Justus  Both,  one 
volume  of  which  is  now  issued,  will  be  a  most  important  addition  to 
Ltteratare.  This  first  volume  treats  of  the  formation  and  decomposition 
of  minerals,  of  spring,  river,  and  sea  water,  and  their  depositions.  It 
contains  in  abstract,  with  references,  all  the  work  which,  up  to  the  pres- 
ent time,  has  been  done  npon  these  snbjects,  and  contains,  besides,  many 
original  contributions.  Indeed,  this  work  promises  In  all  ibs  parts  to 
form  a  kind  of  comjiendium  of  the  science,  which  is  much  needed. 

AISHBICAU  ABSOCU.IIOIT. 

The  AmericEm  Association  for  the  Advancement  of  Science  met  this 
year  at  Boston,  and  the  number  of  papers  presented  upon  geological 
and  mineralogical  subjects  was  so  large  that  a  jiermanent  sabsectiou 
was  organized  to  accommodate  those  especially  interested  in  these  sci- 
ences. The  election  also  of  Professor  Brush,  one  of  our  most  distin- 
guished mineralogists,  to  the  office  of  president  of  the  association  is  oq 
indication  of  the  appreciation  by  the  association  of  labors  in  these 
departments. 
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Great  activity  has  been  manifested  in  pliysics  during  the  years 
1879-'80.  New  and  important  diacoveries  have  been  made,  improved 
modes  of  research  have  been  devised,  greater  accuracy  has  been  at- 
tained in  measores  of  precision,  and  more  nniform  and  precise  stand- 
ards  have  been  adopted  as  units.  Sainte-Glaire  Deville  and  Maecart 
communicated  to  the  Jntemational  Geodetic  Association  an  elaborate 
paper  describing  the  eoustmction  and  giving  the  properties  of  the  new 
platinum-iridinm  standard  of  length.  The  alloy  was  made  by  Johnson, 
Matthey  &  Co.,  by  fiising  together  4fi0  oonces  of  platinum  and  55 
ounces  of  iridium.  Aft&r  snitable  working,  it  was  drawn  through  a 
draw-plate  into  abaraconrately  rectangularin  cross-section.  Its  density 
now  was  21.51 ;  and  it  was  fonnd  to  contain  platinnm  89.11,  iridium 
10.19,  rhodium  0.17,  mtheniom  0.10,  iron  0.06.  This  alloy  is  harder  and 
more  resistant  than  platinum,  is  much  more  rigid,  and  has  a  high  elas- 
ticity, its  modulos  being  21,912,000,000,  and  its  elongadoa-coefficient 
0.0003.  Its  coefficient  of  expansion  was  in  conrse  of  determination  by 
Mascart,  the  elaborate  preliminary  measurements  only  beingdescribed. — 
{Ann.  Chim.  Phya.,  V,  xvi,  506,  April,  1879.)  0.  S.  Peirce  has  reported 
progress  in  the  comparison  of  a  wave-length  with  a  meter.  Using  a 
Bu^erford  ruled  plate  of  34<^  lines  to  the  millimeter,  three  complete 
measures  of  Van  der  Willigen's  spectrum  line  No.  16  gave  for  the  angle 
of  doable  deviation  as  a  mean  89°  54'  19".6  An  error  of  0".4  would 
make  an  error  of  a  micron  in  the  length  of  the  meter.  Subsequentiy 
another  line  near  the  former  one  was  sheeted,  and  a  finer  plate  was 
nsed.  As  a  mean  of  six  closely  accordant  measures,  the  double  devia- 
tion was  90°  03'  51".45.  One  of  these  plates  had  been  compared  with 
all  the  centimeters  of  a  dedmeter  scale.  The  other  is  to  be  compared 
with  the  even  two  centimeters  of  the  same  scale.  This  decimeter  scale 
was  in  progress  of  companson  by  Mr.  Chapman  with  the  decimeters  of 
a  meter  scale.  When  done,  a  meter  will  have  been  compared  with  a 
wave-length.— (^m.  J.  Sd.,  Ill,  xviii,  51,  July,  1879.)  W.  A.  Rogers 
has  communicated  valuable  papers  on  metrological  sabjects,  among 
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which  may  he  m^Ltioned  those  on  "  The  llmite  of  aconiacy  m  tueaaore- 
ments  Tvith  the  telescope  and  the  microscope''  {Proo.  Am.  Acad.,  U,  vi, 
168),  on  ^'  Standard  measures  of  length,"  and  "  On  two  forms  of  com- 
parators for  measoresof  length  "  (Am.  Q.  Mio.  J.,  Jannary  and  April,  1879), 
and  "  On  the  present  state  of  the  qnestion  of  standards  of  length." — 
(Proo.  Am.  Acad.,  II,  vli,  273.)  More  recently  this  physicist  has  de- 
scribed the  constmotion  and  early  performances  of  a  new  diffraction 
ruling-engine,  which  promises  most  valuable  and  important  results. — 
{Am.  J.  Sei.,  m,  xix,  54,  January,  1380.)  Hilgard  has  pubUshed,  onder 
date  of  July  10, 1880,  an  admirable  report  upon  the  methods  and  results 
of  a  comparison  of  the  Americaa  and  British  standards  of  length,  in- 
tended to  form  Appendix  12  to  the  Coast  Surrey  Report  for  1877.  The 
final  conclusions  with  reference  to  the  American  standards  are  that 
bronze  No.  11  is  standard  at  620.25  P.,  iron  No.  57  at  62O.10  F.,  and  the 
mean  yard  of  Troughton  scale  at  590.62  F. 

With  reference  to  the  molecular  constitution  of  mattoF,  Sir  William 
Thomson  has  continued  his  researches  upon  the  "  Yortez  atom  theory," 
and  has  communicated  to  the  Boyal  Society  of  Edinbo^b  papers  upon 
"  Vortex  statics  "  and  upon  "  Vibrations  of  a  columnar  vortex,"  in  which 
the  treatment  is  mathematical. — [PhU.  Mag.,  V,  z,07,  Angnst,  1380.)  Tol- 
Ter  Preston  has  diseossed  the  physical  aspects  of  the  vortex  atom  theory, 
with  a  view  to  reconcile  the  proved  indestmctlbilit?  of  the  atom  with  its 
eapacityfor  executing  vibrations.  He  illustrates  themotion  of  the  material 
forming  the  vortex  atom  by  supposing  a  cylinder  of  India  mbJber  to  be 
rotated  about  its  longitudinal  axis,  and  then,  while  still  rotating,  to  be 
bent  into  the  form  of  a  ring  and  the  ends  joined.  Such  a  portion  of 
moving  matter,  mathematics  has  proved  to  have  all  the  qualities  of  a 
solid.  It  is  Mastic,  and  is  competent  to  execute  vibrations  of  definite 
periods.  Moreover,  it  is  incapable  of  being  divided  *or  severed  by  the 
collisions  of  other  shuilar  atoms.  In  short,  such  vortex  atoms  are  elastic, 
indestruotible  bodies,  capable  of  robounding  &om  each  other  without 
loss  of  energy,  and  of  executing  vibrations  of  fixed  periods. — {Nature,  xxii, 
56,  1880). 

Biihlmann,  &om  oonsiderations  founded  on  Avogadro's  law,  has  given 
some  calculations  on  the  dunensions  of  molecules.  The  radins  of  the 
sphereof  action  for  the  nitrogen  molecule  he  gives  as  34x10"*  cehti- 
meterj  for  the  carbon  dioxide  moleonle,  16x10-*  centimeter;  and  for 
the  hydrogen  molecule,  41xlO~*  centimeter.  Bince  one  cubic  centi- 
meter at  0°  and  760™°  pressure  contains  nearly  100  trillions  of  molecules, 
it  follows  that  the  molecules  themselves  fill  only  about  the  tbree-thon- 
sandth  part  of  the  entire  volume  which  the  gas  occupies.  The  author 
gives  16  X  10~^  gram  as  the  absolute  w^ght  of  ahydrogen  molecule,  and 
360  as  the  specific  weight— (Seiftl.  Ann.  Fhyt.  Chem.,  No.  2,  57,  1879.) 
Hodges  has  also  given  a  computation  of  the  size  of  molecules,  based  on 
the  work  required  to  convert  water  into  steam,  this  conversion  being 
considered  as  a  breaking  up  of  the  water  into  a  large  nomber  of  small  , 
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parts,  propoitionally  increEkaing  the  total  anrface.  Sapposing  the  mole- 
coles  to  be  spherical,  he  gets  for  their  radins  0.000000005™,  or  6  to  6 
(millioD)^  for  the  nnmber  in  one  cubic  centimeter ;  agreeing  with  the 
results  of  Thomson  and  Maxwell. — {Am.  J.  Set.,  Ill,  xviii,  135,  August, 
187ft.)  In  a  subsequent  papw,  the  same  author  gives  a  calculation  of 
the  mean  free  path  of  the  molecules  in<the  vapor  aE  water  lying  close  to 
the  liquid  aurfece,  which  he  finds  to  be  0.0000024°™.— (im.  J.  Sci.,  HI, 
ziz,  222,  March,  ISSO.) 

MBOEAKICS. 

1.  0/  Solids. 

The  motions  of  finely  divided  soUd  particles  when  Immersed  in  liquids, 
commonly  called  the  Brownian  moTement,  and  those  of  dust-particles 
in  air,  have  both  been  attributed  to  the  same  cause,  theshockof  colliding 
molecules.  Kageli  has  calculated  from  the  data  of  the  kinetic  theory 
what  the  velocity  of  the  smallest  fungus-particle  observable  with  the 
microscope  should  be,  supposing  an  oxygen  or  nitn^n  x>article  to  come 
in  coUraion  with  it.  Since  such  a  particle  is  300  million  times  heavier 
than  the  molecule,  the  velocity  would  not  be  greater  than  that  of  the 
hour  hand  of  a  watch.  For  ordinary  motes,  the  motion  .would  be  50  mil- 
lion times  slower.  The  same  results  essentially  were  obtained  for  liquids ; 
whence  the  author  thinks  the  Brownian  movements  are  phenomena  con- 
nected with  the  snr&ce  tension  of  the  liqaid. — {Ber.  Ak.  Miineken,  1870, 
389.) 

Bachanan  has  communicated  to  the  Boyal  Society  of  Edinburgh  a  pa- 
per on  the  compressibility  of  glass,  using  a  rod  of  this  material  placed 
in  a  receiver  of  steel  with  glass  ends  connected  with  a  hydraulic  pump. 
The  compression  ia  read  by  means  of  micrometer  microscopes,  and  the 
pressure  is  determined  by  a  manometer  consisting  of  a  mercurial  ther- 
mometer with  a  stout  bulb,  previously  calibrated  in  a  piezometer,  the 
bulb  being  immersed  in  the  water  under  pressure,  while  the  stem  pro- 
jects ontaide.  The  glass  used  was  a  flint  glass,  and  the  compression 
was  observed  up  to  40  atmospheres.  The  cnbioal  compression  observed 
was,  fbr  each  atmosphere,  2.92  parts  in  a  million.  Incidentally  the 
compressibility  of  water  at  2^.5  C.  was  found  to  be  0.05160  volume  per 
thousand  per  atmosphere ;  and  its  diminution  with  rise  of  temperature 
was  confirmed,  being  0.04831  at  12o.50.—(Jfa*Mre,xxii,  377, 1880.)  Barus 
has  studied  the  influence  of  hardness  upon  the  thermo-electric  proper- 
ties and  the  specific  resistance  of  steel.  The  steel  used  was  in  the  form 
of  wire  and  was  hardened  by  heating  it  by  an  electric  current,  in  a  glass 
tube  through  which  a  stream  of  carbon  dioxide  gas  was  passed  and 
then  suddenly  admitting  water.  The  resistance  and  the  electromotive 
force  vary  with  the  hardness,  so  that  if  the  electromotive  force  be  taken 
as  a  measure  of  the  hardness  and  the  magnetic  constant  of  the  steel, 
the  resistance  is  a  linear  function  of  it. — (PAtl.  Mag.,  V,  viii,  341,  Ko- 
vember,  1879.)    Marangoni,  with  reference  to  Bottomley's  experiment 
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of  passing  a  vire  throngh  ice  without  cattJng  it  in  two,  divides  plastio 
enbstances  into  two  classes.  Those  belonging  to  the  first  class,  can,  like 
ice^becnt  intvowith  a  metallio  wire,  and  can  be  considerably  defonned. 
To  this  class  belong  plastic  clay,  fresh  soap,  camphor,  black  pitch.  Sab- 
stuices  classed  in  the  second  groap  give  two  lamellee  on  the  two  aides 
of  the  cutting  wire,  which  then  come  ont  of  the  slit,  become  notched  and 
bend  over,  resembling  leaves.  Examples  of  this  class  are  found  in  veg- 
etable Japanese  wax,  dry  Marseilles  soap,  tallow,  and  stearin,  and 
especially  yellow  wax  and  paraffin.  The  snccess  of  the  experiment  de- 
pends on  i:he  size  of  the  wire  and  on  the  temperatore.  For  yellow  wax, 
the  wire  shonld  be  from  i  to  1™™.  diameter ;  for  paraffin  i  to  0.9.  The 
leaves  with  the  former  are  produced  between  — dP  and  40°,  with  the  lat- 
ter (melting  at  43°.6)  only  up  to  15o.  The  author  calls  attention  to  the 
simUarity  between  these  lamellce  and  those  separated  from  a  r^when 
a  locomotive  goes  down  a  steep  incline  rapidly  and  with  a  powerfbl 
brake  applied. — [Samre,  xxi,  21, 1879.) 

H^^chel  has  published  a  paper  on  the  use  of  the  seconds  pendnlnm 
for  determining  the  figure  of  the  earth,  in  which  he  comes  to  the  conclu- 
sion that  the  experiments  made  hitherto  are  of  little  use,  since  the  prob- 
lem to  be  solved  was  so  imperfectly  grasped.  The  nse  of  the  absolute 
poidulnm  contemplated  two  distinct  objects  which  had  no  essential  con- 
nection, the  force  of  gravity  and  the  figure  of  the  earth ;  while  the  use 
of  the  differential  pendulum  contemplated  only  one.  The  rate  of  the 
seconds  pendulum  varies  along  the  actual  equator,  and  the  value  of  grav- 
ity at  the  equator  is  therefcire  only  an  idea. — {Nature,  xxi,  599, 1880.) 
0.  8.  Peirce  has  given  the  results  of  his  pendulum  experiments  made 
under  the  diieotion  of  the  Coast  Smrvey.  The  values  obtained  were : 
At  Hoboken,  0.9932052°- ;  at  Paris,  0.9939337 ;  at  Berlin,  0.9912399 ;  at 
Kew  0.9941770.  Reduced  to  the  sea-level  these  numbers  become  0.993- 
2074, 0.9939500„0.9942482,  and  0.9941790.  Reduced  to  the  equator,  they 
are :  0.9910003,  0.9910132,  0.9909865,  and  0.9910083.  These  values,  the 
author  tdiinks,  will  have  to  be  diminished  by  about  20  microns  on  ac- 
count of  the  error  of  the  standard  of  length  employed .(Am.  J.  8ci., 

IH  ,xx,  327,  October,  1880.)  Mendenhall  has  made  a  series  of  experi- 
ments to  determine  tjie  force  of  gravity  at  Tokio,  Japan.  In  the  earlier 
part  of  the  investigation  a  Eater  pendnlnm  was  used;  in  the  latter,  one 
of  Borda's  construction.  The  beats  were  recorded  upon  a  clminograph 
at  the  same  time  with  those  of  a  break-cirouit  <dock,  the  length  of  one 
second  upon  the  sheet  being  about  8°™,  so  that  it  could  easily  be 
subdivided.  Since  it  was  only  the  fractional  part  of  a  second  by  which 
t^e  two  pendulums  differed,  that  was  to  be-  determined,  the  standard 
pendulum  was  only  required  to  break  the  circuit  twice,  once  at  the  be- 
ginning and  again  at  the  end  of  the  experiment.  As  a  mean  of  six  ex- 
periments with  the  Eater  pendulum  the  vf^lne  of  "g"  was  found  to  be 
9.7974 ;  the  mean  of  eleven  experiments  with  the  Borda  pendulum  gave 
9.7984.— (Am.  J.  8(d.,  m,  xx,  124,  August,  1880.) 
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Deprez  has  contrived  a  new  velocity-regulator  for  electric  motors.  It 
consists  eseentially  of  an  elastic  spring,  fastened  at  one  of  its  extremi- 
ties to  the  rotating  axis  and  parallel  to  it.  To  the  other  end  is  attached 
a  small  maea  of  brass  traversed  by  a  screw  by  which  its  distance  from 
the  axis  may  be  adjnated,  and  the  tension  of  the  spring  at  the  same  time 
increased.  The  current  which  drives  the  motor  passes  through  this 
spring.  If  now  the  rotation  is  so  rapid  that  the  fcee  end  of  the  spring 
is  thrown  away  from  the  axis  by  the  centrifagal  force,  the  contact  is 
broken  and  the  cnrrent  is  interrupted ;  the  speed  of  the  motor  is  dimin- 
ished, contact  is  renewed,  and  so  ou,  the  velocity  being  exactly  regu- 
lated by  the  adjusting  screw. — {J.  Fhya,,  viii,  10,  Jannary,  1870.)  Fon- 
vielle  has  devised  a  form,  of  gyroscope  whose  rotation  is  produced  by 
magneto-electric  currents.  A  flat  coil  of  wire,  like  that  used  in  galvan- 
ometers, has  an  intermittent  current  sent  into  it  from  an  induction  coil. 
When  a  star-shaped  piece  of  iron,  mounted  on  a  pivot  so  as  to  rotate 
like  a  compass-needle,  is  placed  in  the  center  of  the  coil,  it  begins  to  re- 
volve whenever  a  horse-shoe  magnet  is  placed  above  it  vertically,  or 
when  a  bar  magnet  is  placed  in  certain  directions  with  reference  to  it. 
Eeversiug  the  direction  of  the  current  reverses  the  direction  of  the  rota- 
tion.—{J^afttre,  xxi,  693,  April,  1880.) 

2.  0/LigKidi. 

Bndorff  has  described  a  special  form  of  volumenometer  used  by  him 
for  the  determination  of  the  specific  gravity  of  powders.  The  new  ap- 
paratus is  composed  entirely  of  gtass,  and  consists  of  a  cylindrical  reser- 
voir of  25°"  capacity,  from  the  lower  part  of  which  a  tube  passes,  this  tube 
being  eularged  just  below  the  reservoir,  and  having  a  cock  at  its  lower 
end.  The  reservoir  is  closed  at  top  by  a  groond  stopper  furnished  with 
a  stopcock,  and  to  it  laterally  is  attached  a  long  U-shaped  manometer 
tube.  Mercury  is  poured  into  the  reservoir  until  the  tube  is  filled  to 
the  mark  on  the  neck.  The  upper  cock  is  closed  and  the  mercnrj'  drawn 
out  into  a  tared  vessel  till  the  difference  of  level  between  the  two  mer- 
cury surfaces  in  the  manometer  is  a  certain  quantity  A.  After  the  mer- 
cury is  weighed  it  is  poured  back  into  the  tube,  the  substance  whose 
specific  gravity  is  to  be  determined  is  introduced  into  the  reservoir  and 
the  above  operations  are  repeated.  Simple  calculation  gives  the  value 
required. — {Ann,  Pkys.  Ckem.,  II,  vi,  288, 1879.)  Buignet  has  improved 
tlie  Nicholson  areometer  by  making  the  stem  longer  and  lai^er,  marking 
zero  at  the  point  to  which  it  sinks  in  water  when  empty,  and  n  at  the 
point  to  which  it  sinks  when  loaded  with  n  grams.  To  use  it,  the  in- 
strument is  placed  in  water  and  sinks  to  zero.  The  mineral  whose  grav- 
ity is  desired  is  placed  on  the  upper  panj  the  stem  is  immersed  to  a 
point  P.  Placed  in  the  lower  pan,  it  sinks  the  stem  to  a  point,  P'.  Then 
piqp  is  the  density  of  the  specimen.  The  sensitiveness  of  the  instru- 
ment depends  on  the  size  of  the  stem.  Its  use  is  rapid  and  accorate. — 
(J.  Phys.,ix,  93,  March,  1880.)  u.j  ,,;it,L.OO';;IC 


240  PHYSICS. 

Spring  has  continued  his  investigations  on  the  welding  of  solid  bodies 
by  presBore,  and  has  now  subjected  more  than  eighty  pnlverized  solids 
to  presanres  in  vacuo  op  to  10,000  atmospheres,  varying  at  the  same 
time  the  temperature.  All  the  crystalline  bodies  proved  capable  of 
welding,  and  in  the  case  of  amorphous  bodies,  crystalline  stmctore  had 
been  developed  in  the  block  by  the  pressure.  He  classifies  amorphous 
bodies  into  two  groups,  one  like  wax  and  called  ciroid,  which  weld  easily, 
the  other  like  amorphous  carbon,  which  do  not  weld,  and  hence  called 
aciroid.  The  fiicts  observed  do  not  essentially  differ  from  those  observed 
when  two  drops  of  a  liquid  meet  and  unite.  Hardness  is  a  relative, 
even  a  subjective,  term.  Even  water  may  appear  hard  to  certain  insects, 
and  if  our  bodies  were  sufficiently  heavy,  the  pavement  would  not  bear 
□B.  The  change  of  prismatic  to  octohedral  sulphur,  of  amorphous  to 
metallic  phosphorus,  by  compression,  the  change  of  state  of  amorphous 
bodies,  the  chemical  action  produced  when  the  product  has  a  less  volnme 
than  the  constituents,  all  result  in  a  denser  form  of  matter. '  Whence  the 
conclusion  that  the  particular  state  taken  by  matter  is  in  relation  to  the 
volume  it  is  obliged  to  occupy  under  the  action  of  external  forces.  The 
geological  bearing  of  these  facts  is  very  evident. — (Nature,  xxii,  350, 
1880.) 

Bidout  shows  the  surface  tension  of  mercury  by  supporting  a  shallow 
ti^Ji  6  by  3  inches,  on  leveling  screws,  so  inclined  that  the  mercury  is 
on  the  point  of  ovOTflowing.  If  now  the  flow  of  the  mercury  be  started, 
it  will  draw  the  rest  of  the  liquid  after  it.  The  mercury  must  be  very 
pure  or  it  will  leave  a  trail. — (JVatwre,  xxii,  157,  1880.) 

Lecbat  has  studied  the  forms  produced  when  liquids  are  caused  to 
vibrate  in  vessels  of  rectangular  section,  and  has  compared  the  results 
obtained  with  those  required  by  theory.  The  vessels  employed  were 
made  of  wood  or  glass,  with  walls  a  centimeter  thick.  The  Uquid  was 
vibrated  by  a  bw  of  steel  placed  before  an  electro-magnet,  which  bar 
automatically  interrupted  the  current.  To  one  end  of  a  transverse  rod 
a.stem  was  attached  which  could  be  adjusted  to  any  point  of  the  sur- 
face. The  nodal  lines  were  very  distlnot,  and  the  phenomena  were  very 
striking,  especially  when  projected  on  the  screen. — (J.  Pkys.,  is,  186, 
June,  1880.) 

Sir  William  Thomson  read  a  paper  to  the  British  Association  on  a  sep- 
tum permeable  to  water  but  not  to  air,  and  suggested  its  application  to  a 
gauge  for  measuring  depths.  A  small  quantity  of  water  in  a  capillaiy 
tube,  with  both  ends  in  air,  acts  like  a  perfectly  air-tight  ping  against 
di&rence  of  pressure  at  its  two  ends  equal  to  the  hydrostatic  pressure 
corresponding  to  the  height  at  which  water  stands  in  the  same  capillary 
tube  when  it  is  held  upright  with  one  end  under  water  and  the  other  in 
air.  In  the  meeting,  he  used  an  Argand-lamp  chimney  which  had  a 
flnely-wovCTi  piece  of  cotton  cloth  tied  over  it.  When  dry,  the  water  rose 
easily  when  the  uncovered  end  was  immersed,  as  well  as  when  the  cov- 
ered one  was.    But  after  wetting  the  cloth,  it  seemed  perfectily  ak^tight 


iftTsios.  241 

even  nnder  9  inches  vater-preastue.  The  deptb'e:aage  is  made  by  tying 
a  piece  of  cloth  over  the  mouth  of  the  larger  leg  of  a  U-tabe,  the  end  of 
the  smaller  being  dosed  by  a  stepper.  On  sinking  it  the  air  is  com- 
pressed, and  water  enters  throogh  the  cloth  into  the  smaller  leg.  On 
raising  it  the  air  expands  and  forces  the  water  out  through  the  cloth  to 
the  last  drop.  The  depth  can  be  determined  from  the  water  left  in  the 
smaller  leg  of  the  instrument. — {Nature,  xzii,  548,  1880.) 

3.  Of  Gageg. 

Hannay  and  Hogarth  have  communicated  to  the  Boyal  Society  a  re- 
markable paper  on  the  solubility  of  solids  in  gases,  the  research  being 
the  starting  point  of  the  experiments  which  have  since  enabled  the 
former  to  produce  crystallized  carbon.  They  desired  to  investigate  the 
solvent  power  of  liquids  at  temperatures  at  or  above  their  critical  points. 
For  if  at  the  critical  point  there  really  occnrs  a  transition  from  the  liquid 
to  the  gaseous  state,  and  if  the  property  of  dissolving  solids  is  one  pos- 
sessed by  liquids  alone,  there  ought  to  be  precipitation  of  the  dissolved 
solid  matter  as  the  substance  passes  through  the  critical  point.  Absence 
of  such  precipitation  would  fnmisb  a  strong  independent  preof  of  the 
perfect  continuity  of  the  liquid  and  gaseous  states.  As  a  preliminary 
test,  a  solution  of  potassium  iodide  in  alcohol  was  prepared  and  a  strong 
tube  one- half  flUed  with  it.  TSo  precipitation  of  any  solid  was  observable 
even  at  350°  C,  more  than  100<>  above  the  critical  point  of  alcohol. 
Besin  dissolved  in  parafGn  spirit  showed  no  decomposition  at  360°. 
With  an  improved  and  simplified  apparatus,  it  was  shown  that  a  dean 
crystal  of  potassium  iodide  dissolved  entirely  in  alcohol  gas  (the  term 
*'  gas"  referring  to  the  fluid  above  its  critical  point).  Potassium  bromide 
and  ealcimn  chloride  were  also  soluble  in  this  gas.  Cobaltoas  chloride 
remained  soluble  at  32(P  and  showed  its  blue  color  and  characteristic 
spectram.  Even  the  acid  decomposition-product  of  chlorophyll,  which 
decomposes  in  the  air  below  200°,  gives,  when  dissolved  in  alcohol,  iden- 
tical spectra  at  360°  and  at  15°  C.  Some  curious  reactions  were  ob- 
served. Thus  alcohol  or  ether  deposits  ferric  chloride  just  below  the 
eritical  point,  but  ledissolves  it  in  the  gas  when  raised  8P  or  10°  above 
that  point.  By  suddenly  reducing  the  pressure,  the  solid  is  precipitated 
crystalline,  falling  as  a  snow.  It  is  redissolved  in  the  gas  as  the  press- 
sure  increases.— (Proo.  Boj/.  8oo.,  xix,  178;  Nature,  xxi,  83,  499, 1880.) 

Eottomley  has  described  a  neat  experiment  by  Quincke,  first  sug- 
gested by  some  experimentfl  to  test  the  porosity  of  glass.  A  glass  tube, 
5  inches  long  and  three-foarths  inch  external  diameter,  with  stout  walls, 
was  closed  at  one  end  and  constricted  a  little  more  than  half  way  up. 
Into  the  lower  closed  portion  some  sulphuric  acid  was  poured,  and  above 
the  constriction  some  &t^ment«  of  marble  were  placed.  The  tube  was 
then  drawn  off  at  top,  thickened,  and  carefully  annefded.  On  inverting 
it  the  acid  attaeked  the  marble,  and  carbon  dioxide  was  evolved.  For 
the  first  few  days  nothing  peculiar  was  noticeable;  bat  soon  the  liquid 
8.  Mis.  31 1«  ,;„,..u,L.OOg7e 
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began  to  creAp  away  from  the  glass,  scarcely  wetting  it,  and  no  doabt 
was  entertained  tbat  soon  the  phenomenon  seen  in  Qnineke's  tnbes  vonld 
appear,  and  the  add  would  roll  about  in  the  tohe  like  mercury.  The 
explanation  is  that  these  peculiar  capillary  phenomena  are  due  to  a  thick 
layer  of  gas  that  is  condensed  over  the  surface  of  the  glass. — (Na^re, 
XX,  291,  iSSO.) 

De  la  Rue  and  Miiner,  reasoning  from  their  electric  researches  on  the 
spark  in  ral^fied  air,  believe  themselves  entitled  to  conclude  on  the 
probable  height  of  our  atmosphere.  The  least  resistance  to  an  electric 
discharge  in  hydrogen'is  obtained  at  a  pressure  of  0.642°"",  or  846  M 
(M  signifying  millionths  of  an  atmosphere).  When  it  reaches  .002  ■°°',  or 
3  M,  the  dischargeonlyjnst  passes  with  a  potential  of  11,000  silver  chloride 
cells  (11,330  volts).  At  the  highest  exhaustion,  0.000055  '<"",  or  0.066  M, 
no  discharge  took  place  with  the  11,000  cells,  bnt  even  a  l-inch  spark 
failed  to  pass.  -Since  a  discharge  at  atmospheric  pressure  which  occurs 
in  hydrogen  at  0.22  inch  takes  place  in  ^r  only  at  0.13  inch,  the  authors 
conclude  that  the  least  resistance  for  air.is  at  0.379'°™,  or  498.6 M.  This 
pressure  would  be  reached  at  a  height  of  37.67  miles  above  the  sea. 
Hence  here  the  auroral  discharge  would  have  its  maximum  brilliancy, 
and  would  be  visible  585  miles.  The  best  vacuum  produced,  0.066M, 
corresponds  to  a  height  of  81.47  miles.  At  this  height  the  discharge 
would  be  considerably  less  brilliant.  At  a  height  of  124.15  miles  the 
pressure  would  be  only  .00000001"",  or  0.00001  M,  and  at  such  a  height 
it  is  not  conceivable  that  a  discharge  would  occur  with  any  probable 
potential.  At  a  pressure  of  62°"°  the  discharge  has  the  well. known  car- 
mine tint  of  the  anrora.  This  corresponds  to  an  altitude  of  12.4  miles. 
At  a  pressure  of  1.6""  it  becomes  salmon-tint,  and  at  0.8""  much  paler. 
Above  this  exhaustion  it  becomes  a  pale  milky  white. — (Mature,  xxi,  33, 
1880.) 

Debron  has  suggested  an  improved  barometer,  which  -he  calls  an 
Amplifying  barometer.  It  resembles  the  Portin  instrument  in  general, 
but  the  point  marking  the  zero  is  at  the  top  of  the  tube.  The  cistern 
has  a  second  tube  in  its  top,  open  to  the  air,  and  into  which  the  mercury 
riBes,  so  that  the  reading  is  the  difference  of  the  levels  of  the  mercury 
surfaces  in  the  two  tubes.  A  third  and  narrower  tube,  also  open  at  top, 
passes  through  the  top  of  the  cistern.  This  cistern  is  larger  than  ordi- 
nary, and  contains  water  above  the  mercury,  into  which  this  tube  dips, 
and  wiiich  rises  into  it,  the  level  being  read  by  means  of  a  graduat:ed 
scale.  Any  variation  of  the  height  of  the  mercury  is  multiplied  in  the 
water-column  in  the  ratio  of  the  section  of  the  cistern  to  that  of  the 
water-tube.  Hence  the  sensibility  of  such  a  barometer  is  equal  to  that 
of  the  water-barometer. — {J.  Pkys.,  ix,  387,  November,  1880.) 

Jordan  has  constmcted  and  erected  in  the  Kew  Observatory  a  barom- 
eter in  which  the  liquid  employed  is  glycerin  colored  with  aniline-red. 
As  manufiactured  by  Price  &  Co,  the  glycerin  has  a  specific  gravity  of 
1.26.    Hence  the  mean  height  of  the  column  is  27  feet,  and  a  variation 
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of  ooe-tenth  of  an  iooh  of  the  mercurial  column  is  more  tban  &a  inch  on 
the  glycerin  scale.  Moreover,  the  high  boiling  point  of  glycerin,  4i(y> 
F.,  its  very  low  vapor  tension,  and  its  low  freezing  point  are  all  in  its 
&ror.  The  cistern  in  the  Kew  instrament  is  a  cylindrical  vessel  of  tinned 
copper,  10  inches  diameter  and  5  deep,  with  a  screw  cover,  theairhaTing 
access  through  a  small  hole  in  the  cap-  of  this,  and  passing  through  a 
layer  of  cotton  wool  to  keep  out  the  dust.  The  tube  is  of  compoaition- 
metal  gaa-pipe  f  inch  diameter,  which  is  soldered  to  a  similar  piece  of 
pipe  which  enters  the  cistern  tbrtfugh  its  bottom  and  is  closed  by  a 
screw  plug.  To  the  top  of  the  main  tube,  a  gla^  tnbe  4  feet  long  and 
1  inch  inside  diameter  is  cemented.  It  t^'minates  in  a  cup  and  is  closed 
with  an  India-rubber  stopper.  The  flnctnations  are  read  off  by  means 
of  two  verniers,  one  of  which  gives  inches  and  teotiis  and  the  other  the 
equivalent  value  of  the  mercurial  column.  Daily  observations  are  being 
made  npon  it  with  a  view  to  determine  its  accuracy. — (Waturef  zxi,  377^ 
1880.) 

Terquem  has  proposed  a  modified  form  of  air-pump  plate,  which  dis- 
penses with  the  costly  grinding  necessary  in  the  present  form.  The  plate 
is  of  brass,  circular  in  form  and  about  a  millimeter  in  thickness,  having 
a  circular  cavity  in  it  two  centimeters  deep  and  one  wide,  placed  a  few 
centimetera  from  the  edge,  the  mean  diameter  of  this  depression  being 
that  of  the  bell  to  be  used  with  iu  When  the  plate  is  to  be  used  it  is 
,  heated  and  the  cavity  filled  witha  cement  melting  at  about  60°  c.  That 
used  by  the  author  is  furnished  by  F.  Garr€  with  his  ice-pamp,  and  con- 
sists of  a  mixture  of  resin,  wax,  and  tallow.  When  melted  the  bell  is 
placed  in  position  and  the  heat  continued  until  the  glass  has  also  be- 
come hot  The  whole  is  ihen  allowed  to  cool.  The  cheapness  of  these 
plates  aJlows  the  use  of  several  of  them  for  the  various  air-pump  experi- 
ments.— (tT.  JPhsS;  ix,  346,  October,  1880.)  Bood  has  desciibed  an  im- 
provement in  the  form  of  the  Sprengel  pump,  by  which  vacua  as  high 
as  TTnifl'flfliifl  or  TWnijaflg  are  readily  obtained.  First,  the  mercury 
passes  through  an  exhatisted  bulb  to  free  it  from  air  and  moisture,  then 
through  a  nearly  horizontal  tube  to  the  &ll-tabe.  Secondly  this  fall 
tube  is  bent  four  times  at  a  little  more  than  a  right  angle,  forming  a 
lateral  loop  or  valve,  preventing  the  air  that  has  passed  out  oS  the  fall- 
tobe  horn  returning  into  it.  The  pump  is  free  &om  stopcocks  and  grease, 
and  its  action  in  very  rapid,  two  or  three  hours  sufficing  to  reduce  the 
vacuum  &om  60  M  to  0.01  M,  the  capacity  being  100^°.  Even  in  the 
absence  of  all  drving  materials  a  vacuum  as  high  as  0.033  M  has  been 
obtamed.— ( Jim.  V  Sot.,  UI,  xx,  67,  July,  1880.) 

Bertin,  in  an  interesting  article  on  the  modem  methods  for  producing 
high  vacua,  descnbes  the  McLeod  gauge,  that  necessary  a^unct  to  the 
Sprengel  pump.  It  depends  on  the  principle  that  if  the  volume  of  a 
rarefied  gas  be  reduced  n  times,  the  pressure  becomes  measurable,  and 
the  original  pressure  is  equal  to  the  measured  pressure  divided  by  n.  It 
cons»tB  of  a  bulb  of  glass  surmounted  by  a  thick  tube  10  to  15°°>  long 
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and  2  or  3°^  in  distneter,  closed  at  top  and  careftilly  calibrated.  Below, 
the  bulb  conneGts  with  a  Btralght  tabe  SO™  long,  a  lateral  tabe  opeuing 
into  it  Juat  below  the  bolb  and  leading  apward  to  tbe  pump.  Tfae  ca- 
pacity of  the  bulb  above  the  lateral  opening  is  aficertaioed  by  weighing 
the  mercniy  which  fills  it.  Thns  the  ratio  of  the  volnmea  of  the  bulb 
and  of  the  small  tnbe  above  it-  is  known.  The  iong  tnbe  is  conne<Jted 
at  its  lower  end  with  a  reservoir  of  mercary  by  means  of  a  mbber  tabe, 
so  that  when  this  is  raised  the  gaage  may  he  filled  with  mercnry.  After 
the  vacaom  has  been  made  In  the  pnmp,  of  which  the  gange  forms  a 
part,  tfae  reservoir  is  lifted  and  the  mercury  rises  in  tfae  long  tabe  nntU 
it  passes  the  month  of  the  lateral  tube  and  seals  off  the  air  in  the  bulb. 
As  tfae  mercary  fills  the  bnlb,  the  air  collects  in  the  smt^l  tnbe,  and  the 
piessore  nnder  which  it  exista  is  the  difference  of  level  of  the  mercury 
in  this  tube  and  the  side  tabe.  Knowing  the  volumes  and  the  final  press- 
ure the  initial  presenre  is  given  by  Marriotte's  law.  Mr.  Grookes  regards 
it  reliable  to  the  millionth  of  an  atmosphere,  0.000760°'"^.  Warren  de  la 
Eue  limits  its  indications  at  0.00003"".— (Ann.  Ckim.  Phys.,  V,  lis,  231, 
February,  1880.) 

Amagat  has  studied  elaborately  the  variation  of  gaseona  bodies  from 
the  law  of  Marriotte  at  high  pressures,  exact  measurements  being  made 
of  the  changes  in  volame  when  the  gas  sustained  a  mercnry  column 
over  one-fifth  of  a  mile  high.  The  shaft  of  the  Yerpillenz  coal  mine, 
near  St.  Etienne,  327°  in  depth,  was  chosen,  tfae  experiments  here  being  • 
confined  to  nitrogen  gas.  A  powerinl  and  specially  constrneted  pnmp 
forced  mercnry  at  the  same  time  op  the  manometer  tnbe  and  into  the 
tabe  contfuning  the  gas.  Since  both  were  carefully  calibrated,  the  meas- 
nrement  in  tfae  fi>rmer  gave  the  pressure  and  in  the  latter  the  volume. 
In  nitrogen  the  compressibility  increases  flowly  and  reaches  a  maximum 
at  about  65  atmospheres.  Then  it  decreases  eqoally  slowly,  reaching  a 
normal  figure  at  about  91  atmospheres.  Finally  it  decreases  rapidly, 
till  at  430  atmospheres  the  volume  la  five-fonrths  of  that  required  by 
Marriotte's  law.  This  law  of  nitrogen  being  ascertained,  the  manometer, 
tube  was  replaced  by  a  nitrogen  tube  and  the  other  gases  compared 
with  that.  Air,  oxygen,  hydrogen,  carbonons  oxide,  ethylene,  and  marsh 
gas  wereexamined  up  to  ^M  atmospheres.  The  resolts  are  given  graphi- 
cally, the  abscissas  representing  pressures  and  the  ordlnates  tfae  differ- 
ences between  the  prodnot  of  the  volumes  by  the  pressures  and  unity, 
i.  e.,  to  the  deviations  irom  Marriott^s  law.  Hydrogen  only  does  not 
exhibit  a  minimam  of  volnme  and  pressure  product. — Linn.  Ohim.  Pkjrs., 
y,  xix,  345,  March,  1380.)  Cailletet  has  also  studied  the  law  of  the  com- 
pression of  nitrogen.  He  used  a  steel  laboratory  tube,  within  which 
was  a  piezometer  tube  containing  the  gas.  To  the  laboratory  tnbe  was 
attached  a  tube  of  soft  steel  250"  long,  rolled  upon  a  wooden  cylinder 
2"  in  diameter.  The  laboratory  tube  was  supported  by  a  steel  wii«  4°>" 
diameter,  carefully  graduated.  The  gaa  tube  being  pat  in  place,  the 
apparatus  was  filled  witb  mercnry  and  lowered  by  a  windlass  into  an  arte- 
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sion  well.  The  pressure  wBs  read  off  on  the  gradnated  anspeading  wire. 
To  determine  the  volume,  the  inside  of  the  piezometer  tnbe  was  gilded, 
and  the  height  to  which  the  mercury  lx>8e  in  it  was  shown  by  the  removal 
of  the  gold.  The  measorementB  were  carried  on  with  nitrogen  to  182 
atmospheres.  Gailletet  has  also  studied  the  effect  of  pressure  on  gaseous 
mistores,  and  has  described  a  method  by  which  a  pressure  of  1,500  at- 
mospheres may  be  measured  to  within  one-half  of  1  per  cent  of  its  true 
valoe.— (J.  JPkys.,  viii,  267  j  is,' 192  j  Ann.  Chim.  PAys.,  Y,  xix,  386, 
March,  1880.) 

ACOUSTICS. 

Cannichael  has  devised  a  revolving  jet  to  be  used  withKoenig's  mano- 
metric  capsule  for  the  purpose  of  showing  sonorous  vibrations  in  class 
instruction.  A  tube  bent  at  right  angles  and  tipped  with  a  jet  is  sur- 
rounded at  its  e^remity  by  a  second  concentric  tube  also  bent  at  right 
angles,  but  in  the  opposite  direction,  so  that  the  two  bent  parts  are  in 
the  same  line  and  form  an  axis  about  which  the  jet  revolves.  A  mica 
cylinder  incloses  the  flame,  which  is  that  of  ordinary  gas,  enriched,  if 
necessary,  with  benzene  and  fed  with  oxygen.  The  gas  tube  is  in  com- 
munication with  a  Koenig  capsale,  so  that  the  flame  is  thrown  into  vi- 
bration by  means  of  it  On  rotating  the  jet  by  a  multiplying  wheel 
a  brilliant  ring  of  light  appears,  which  is  broken  ap  into  saw-teeth  by 
sonnds.— (J.OT.  J.  8ci.,  HI,  xix,  312,  April,  1880.) 

Schwedoff  has  described  a  simple  apparatus  for  studying  the  vibra- 
tions of  cords,  which  consists  in  an  electric  vibrator  hke  that  in  use  for 
bells.  The  cord  is  attached  to  the  armature  at  one  end,  the  other  being 
£astened  to  a  movable  damp  which  slides  along  the  top  of  a  blackened 
board  divided  into  a  number  of  equal  divisions.  To  the  clamp  the  cord 
is  attached  by  a  screw,  by  which  its  tension  may  be  regulated  at  pleas- 
ure.— {J.  Fhys.,  viii,  23,  January,  1879.) 

Mercadier  has  exhibited  in  Paris  a  vibration  micrometer  for  accurately 
determining  the  vibration-amplitude  of  tuning-forks  and  other  vibrating 
bodies.  A  small  piece  of  thin  white  paper  bearing  a  fine  black  Une  is 
fiutened  to  the  body  whose  vibrations  are  to  be  measured.  If  this  line 
is  upright  it  will  present,  when  cansed  to  vibrate,  the  appearance  of  a 
pale  gray  parallelogram,  the  persistence  of  the  visaal  impression  being 
perfectly  definite  for  th6  extreme  positions  of  the  vibratiou.  To  ascer- 
tain the  amplitude  of  the  vibration,  all  that  is  necessary  is  to  measure 
the  app^%nt  width  of  this  minute  parallelogram  in  a  direction  at  right 
angles  to  the  axis  of  symmetry  of  the  oscillation.  To  increase  the  pre- 
cision, the  reference  line  is  set,  not  perpendicular  to  the  direction  of  the 
movement,  bat  inclined  to  it  at  a  small  angle.  A  fine  scale  of  lines  is 
made  upon  the  paper  parallel  to  the  direction  of  the  movement  and  a 
millimeter  distant  The  width  of  the  parallelogram  is  thus  read  off 
along  a  straight  line,  which  makes  a  small  angle  with  its  sides,  thus 
giving  the  quotient  of  the  amplitude  sought  by  the  tangent  of  a  small 


i,L.ooglc 


246  PHYSICS. 

angle.  With  this  apparatos  the  author  has  studied  the  motions  of  a 
tuning-fork  vibrating  electrically. — {Ifature,  xxi,  189,  1879.) 

Koenig  has  studied  the  indnence  of  temperature  on  the  vibrations  of 
a  normal  tuning-fork.  He  finds  that  np  to  50o  or  600  the  indnence  ot 
heat  upon  a  fork  may  be  regarded  as  practically  constant.  Thick  tnn- 
ing-forks  are  more  affected  by  heat  than  thin  ones  of  the  same  pitch, 
showing  that  it  is  change  in  the  elasticity  rather  than  change  in  the 
length  of  the  arms  which  ia  the  primary  cause  of  the  change  of  pitch. 
On  forks  of  different  pitch  and  of  not  very  different  thickness,  the  effect 
of  heat  is  proportional  to  the  number  of  vibrations.  Generally  the 
period  of  vibration  of  a  fork  is  increased  or  diminished  s-^Vr  ^y  a  dif- 
ference of  temperature  of  1°  C.  The  general  change  in  pitch  of  the 
normal  fork  Utj  =  512  vibrations  per  second  at  20°,  through  the  varia- 
tion of  1°  C.  in  the  temperature,  is  0.0572  vibration  i)er  second.  He  haa 
constmcted  a  fork  which  will  give  512  vibrations  at  a^  temperature. — 
[Nature,  xxii,  90,  1880.) 

Kaysef  has  also  investigated  the  influence  of  temperature  upon  the 
pitch  of  tuning-forks.  He  used  a  method  founded  on  the  observation 
•  of  the  alteration  of  the  difference  of  phase  between  two  forks  aa  the 
temperature  varied,  the  forks  being  furnished  with  mirrors  and  the 
Lissajous  curves  observed  wich  a  telescope.  He  finds,  (1)  that  the 
vibration  number  of  a  tuning-fork  between  0^  and  30°  is  a  linear  fonc- 
tiou  of  the  temperature ;  (2)  that  the  influence  of  temperature  is  greater 
the  higher  the  tone  of  the  fork,  and  with  forks  similarly  arranged  the 
variation  of  the  vibration  number  ia  about  proportional  to  the  8qau« 
root  of  that  number;  (3)  that  with  moderate  variations  of  temperature, 
such  as  occur  in  a  I'oom,  the  temperature  affects  the  vibration  number 
in  the  second  place  of  decimals ;  and  (4)  that  the  coefficient  of  elastidty 
increases  between  0°  and  30°  with  the  temperature. — {Ann.  Phys.  Ckem., 
If,  viii,  444,  1879;  2fature,  xxi,  243, 1880.) 

EUis  has  communicated  to  the  Society  of  Arts  an  important  paper 
upon  the  "  History  of  Musical  Pitch."  This  he  defines  to  be  the  pitch 
of  the  tuning-note,  or  that  by  which  all  other  notes  on  an  instrument 
with  fixed  tones  are  regulated  according  to  some  system  of  tuning  or 
temx)erament.  It  is  convenient  to  consider  A  as  the  tuning-note  in  all 
cases,  though  pianos  and  organs  are  usually  tuned  on  C.  In  equal  tem- 
perament A  444  corresponds  to  C  528  vibrations.  In  mean-tone  tem- 
perament A  418  corresponds  to  0  500 ;  whereas  for  a  perfect  minor  third 
between  A  and  0,  A  440  corresponds  to  0  528,  Before  1711,  the  organ- 
pipe  was  the  only  means  of  handing  down  pitch.  Subsequently  both 
this  and  the  tnning-fork  were  thus  used.  Both,  however,  alter  with 
temperature ;  the  former  by  one  vibration  in  a  thousand  for  each  1°  P., 
sharpening  by  heat  and  flattening  by  cold.  Hence  all  organ  pitches 
must  be  reduced  to  a  standard  temperature,  59°  F,  or  15°  C.  being 
recommended.  The  fork  alters  by  one  vibration  in  21,000  for  each  1°  F. ; 
flattening  by  heat  and  sharpening  by  cold.    The  various  pitches  of 
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the  different  forks  were  tested  by  means  of  Scheibler's  tonometer,  tlie 
beats  with  the  standard  fork  being  carefully  counted.  Great  varia,tions 
were  observed,  the  lowest  pitch  for  A  being  374  vibrations  at  L'llospice 
Uomtesse,  Lille,  and  the  highest  567  vibrations,  tlie  usaal  church 
pitch  in  North  Germany  in  1619,  called  chamber  pltoh  by  Prffitorioas. — 
{Mature,  xxi,  550, 1880.) 

Kayser,  under  Uelnilwltz's  direction,  has  made  a  series  of  esperiments 
to  test  the  question  whether  the  intensity  of  a  sound  has  any  influence 
upon  its  velocity  of  propagation.  He  used  a  tnbe  giving  a  continuous 
note,  each  vibrating  section  of  which  passes  through  the  same  phase 
after  each  semi- vibration.  Hence  two  sections  passing  a  determinate 
phase  at  the  same  instant  are  distant  from  each  other  by  a  multiple  of 
half  a  wave  length.  To  render  visible  the  vibration  of  a  gaseous  section 
of  the  tnbe,  a  small  tongue  wa»  cat  in  a  very  thin  plate  of  mica,  which 
was  cemented  by  one  of  its  extremities  to  a  copper  ring  sliding  within 
the  tube.  This  mica  plate  reproduced  the  phases  of  air  vibration  at  the 
point  where  it  waa  placed.  A  sliding  wire  controlled  the  length  of  the 
tongue  so  as  to  bring  it  into  nnison  with  the  sound  of  the  tube.  View- 
ing a  luminous  point  on  the  tongue  through  a  vibration  microscope,  a 
liiss^ous  Hgurc  is  formed  by  a  combination  of  the  two  rectangular 
vibrations.  Very  minute  changes  of  phase  in  the  tongue  produce  marked 
changes  in  the  figure.  By  displacing  the  mica  along  the  tube  until  a 
given  figure  is  reproduced,  the  distance  moved  is  obviously  half  a  wave 
length.  If  the  mica  tongue  be  flxed  at  the  open  extremity  of  the  tube, 
and  a  movable  piston  be  made  to  dose  the  other  one,  the  same  figure  is 
observed  on  the  lamina  whenever  the  piston  is  displaced  by  half  a  wave 
length.  A  constant  sound  was  obtained  in  the  tube  by  means  of  an 
electrically  vibrat«d  fork  in  front  of  a  resonator.  By  varying  the 
amplitude  of  oscillation,  the  intensity  of  the  sound  could  be  varied. 
On  comparison  with  a  divided  scale,  the  amplitude  of  the  mica  vibra- 
tions was  found  to  be  proportional  to  the  oscillations  of  the  air  column. 
As  a  result,  the  author  does  not  find  any  difi'erence  in  the  velocity  of  a 
sound  when  its  intensity  is  made  to  vary.  Begnault's  results,  being  ob- 
tained with  waves  of  explosion  very  different  in  their  character,  do  not 
hold  good  tbr  musical  sounds. — {Ann.  Pkya.  Ckem.,  II,  vi,  165, 1879.) 

Jacques  has  experimented  to  ascertain  the  velocity  of  propagation  of 
very  loud  sounds  produced  by  the  firing  of  a  six-pound  brass  field-piece 
at  the  Watertowu  Arsenal,  Massachusetts.  A  series  of  membranes  was 
erected  at  distances  varying  from  10  to  110  feet  from  the  mouth  of  the 
eannon,  and  in  the  rear  of  it.  Each  membrane  consisted  of  a  hoop  9' 
inches  in  diameter,  over  which  a  sheet  of  thin  rubber  was  stretched.  At 
the  center,  on  the  side  toward  the  cannon,  a  small  brass  shelf  was 
fastened,  on  which  rested  one  end  of  a  delicate  steel  sp%ng,  the  other 
end  being  held  by  a  sepai^te  support.  These  metallic  parts  formed 
portions  of  a  continuous  metallio  circuit,  including  all  the  screens,  and 
terminating  in  the  primary  coil  of  an  iuductorium.    The  Schultz  chrono7 
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graph  coDsisted  of  a  revolving  cylinder  of  silver  covered  witli  lampblack, 
connected  with  one  terminal  of  the  secondary  coil.  The  other  terminal 
vraa  a  fine  wire  brought  very  near  the  surface  of  the  cylinder.  When  by 
the  motion  of  the  membranea  the  primary  circnit  was  broken,  a  spark 
passed  to  the  cylinder  and  made  a  fine  dot  in  the  lampblack.  By  refer- 
ence to  a  sinuous  curve  of  times  traced  simultaneotisly  on  the  cylinder 
by  an  electrically  vibrated  fork,  the  time  could  be  measured  to  .00001 
second.  When  the  air  was  qniet  the  gUn  was  flred  and  the  arrival  of 
the  pulse  at  each  successive  membrane  was  recorded.  By  measuriog 
the  distances  the  velocities  are  readily  calonlated.  It  was  found  that 
immediately  in  the  rear  of  the  cannon  the  velocity  \fas  less  than  at  a 
distance,  but  that  going  farther  and  farther  away  from  the  cannon  tlie 
velocity  of  sound  rose  to  a  maximum  considerably  above  the  ordinary 
velocity  and  then  fell  gradually  to  about  the  velocity  usually  received. 
Hence  the  author  concludes :  Ist,  that  the  velocity  of  sound  is  a  function 
of  its  intensity ;  and  2d,  that  experiments  uxK>n  the  velocity  of  sound  in 
which  a  cannon  is  nsed  contain  an  error  probably  dne  to  the  bodily 
motion  of  the  air  near  the  cannon.  For  a  correct  determinatiou  of  the 
velocity  of  sound,  therefore,  be  thinks  that  a  masieal  sound  of  low  in- 
tensity' must  be  ttsed. — (Am.  J.  Set.,  Ill,  zvii,  116,  February,  1879.) 
Ihlseng  under  the  direction  of  Bood  has  measured  the  velocity  of 
sound  in  various  kinds  of  wood.  In  bis  first  experiments  he  used  the 
jnethod  of  Kundt,  vibrating  a  rod  of  the  given  wood,  1  to '2  meteiB  long, 
longitudinally,  while  one  end  of  it,  armed  with  a  cork,  entered  the  end 
of  a  glass  tube  a  meter  in  length,  and  containing  a  fine  powder.  To  the 
other  end  of  the  tube  a  piston  was  fitted  so  us  to  make  the  length  uned 
a  multiple  of  the  half  wave  length  in  air.  In  this  way  rods  of  cedar, 
white-wood,  yellow  and  white  pine,  hickory,  white  ash,  hoUy,  mahogany, 
black  walnut,  cherry,  and  white  oak  were  experimented  with.-  In  a  sec- 
ond series  of  experiments  a  method  was  adopted  by  which  the  rod  reg- 
istered its  own  vibrations  on  a  smoked-glass  plate  drawn  rapidly  across 
the  vibrating  end  of  the  rod  in  a  horizontal  direction  by  means  of  a 
weight ;  while  at  the  same  time  a  tuning-fork  registered  the  time.  The 
conclusions  giveu  are :  1st,  it  is  possible  to  measure  the  velocity  of  sound 
in  rods  with  considerable  accuracy  by  the  graphic  method ;  2d,  Kuudfa 
method  gives  results  which  are  slightly  higher  than  those  by  the  graphic 
method;  and  3d,  the  graphic  method  demonstrates  tihe  existence  of 
transverse  along  with  longitudinal  vibration  and  gives  their  ratios. — 
(Am.  J.  8ci.,  Ill,  xvii,  126,  February,  1879.) 

Koblrausch  has  given  a  method  of  studying  the  condition  of  the  air 
in  a  vibrating  column,  and  of  repeating  the  experiments  of  Savart  and 
Seebeok  upon  the  position  of  the  fixed  nodes  and  loops  produced  by  the 
combination  rff  the  direct  and  the  reflected  sonorous  waves.  For  this 
purpose  a  caontchouc  membrane,  stretched  upon  the  extremity  of  an 
open  tube,  is  lowered  into  the  organ-pipe  which  is  soanding,  by  means 
of  a  string  passing  tbrongh  the  cork  closing  the  {upe.    In  this  case  the 
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niembroDe  is  in  contact  ■  oa  botb  sides  vith  the  air  in  the  pipe,  and  it 
vibrates  at  the  loops  and  ceases  at  the  nodes.  But  if  the  second  end 
of  the  tnbe  carrying  the  membraDe  be  closed  with  a  cork,  the  membrane 
is  now  in  contact  only  on  one  side  with  the  air  in  the  pipe,  and  it  vibrates 
strongly  at  the  nodes  and  ceases  to  vibrate  at  the  loops.  Seebeob  ex- 
plained this  by  showing  that  one  of  the  waves  was  obliged  to  go  ronnd 
the  tube  to  reach  the  membrane,  and  thus  its  velocity  changed  sign. 
Bichat,  in  noticing  this  paper,  gives  the  method  he  has  nsed  for  show- 
ing this  result  in  class  instruction.  He  nses  the  ordinary  closed  organ- 
pipe  with  a  glass  side,  made  by  Koenig.  On  urging  the  blast  a  sound 
is  obtained  having  a  node  at  about  oue-tbinl  of  its  length  from  tbe 
month  and  a  loop  at  one-third  from  the  closed  end.  A  membrane  of 
gold-beater's  skin,  attached  to  a  rigid  ring,  is  first  passed  through  the 
tnbe  to  show- in  the  osual  way  that  the  sand  placed  upon  it  is  disturbed 
at  the  loops  and  not  at  the  nodes.  Then  a  small  manometric  capsnle  is 
nsed  in  place  of  the  membrane,  having  two  small  glass  tabes  passing 
£rom  its  top  through  the  cover  of  the  pipe.  Through  one  of  these  coal 
gas  enters,  and  at  the  outer  end  of  the  other  it  is  burned.  On  examin- 
ing this  flame  in  a  revolving  mirror  it  will  be  seen  to  be  in  vibration 
when  the  capsnle  is  at  the  node,  and  at  rest  when  at  a  loop. — {Ann.  Phifs. 
Ohem.,  H,  viu,  384 ;  J.  Phys.,  ix,  102, 1880.) 

Mayer  has  applied  the  principle  of  exploring  the  wave-snrfiice  in  air 
&om  a  sonnding  body,  which  he  devised  some  years  ago,  to  the  constrac- 
tion  of  a  simple  and  efficient  apparatus  called  a  topophone,  by  which  even 
the  unpracticed  eai'  may  determine  accurately  the  direction  of  a  distant 
sound,  even  in  foggy  weather.  It  consists  of  a  vertical  rod  passing 
through  the  roof  of  the  deck-cabin  of  a  vessel,  for  example,  approaching 
the  coast,  bearing  upon  its  upperend  a  horizontal  bar  carrying  two  adjust- 
able resonators  below  which  is  a  pointer  set  at  right  angles  with  the  bat. 
Rubber  tnbes  &om  the  resonators  pass  through  the  roof  of  the  cabin  and 
unite  in  a  single  pipe  connected  with  a  pair  of  ear-tubes.  The  vertical 
rod  is  turned  in  any  direction  by  means  of  a  handle.  The  resonators  ate  ' 
first  accurately  tuned  to  the  sound  under  observataon.  They  are  then 
fixed  at  a  distance  from  each  other  somewhat  less  than  the  wave-length 
for  this  sound,  and  brought  by  taming  the  handle  simultaneously  on  Qie 
wave-surface.  As  they  now  receive  the  sound-wave  upon  their  mouths 
at  the  same  instant  in  the  same  phase,  the  ear  will  hear  the  sonnd  re-en- 
forced if  the  connecting  tnbes  are  of  the  same  length,  and  diminished  if 
one  is  a  half  wave-length  shorter  than  the  other.  When  this  is  attained 
the  bar  is  a  chord  in  the  spherical  wave-surface  of  which  the  sounding 
body,  say  a  fog-horn,  is  the  center.  Hence  the  pointer  which  is  perpen- 
dicular to  this  bar  points  out  the  bearing  of  the  fog-horn  with  great 
accuracy.  By  making  a  second  observation  at  a  known  distance  and 
direction  from  the  first,  a  second  radius  line  is  obtained,  and  the  distance 
of  the  fog-horn  is  computed. — (Jfaiure,  xxi,  386,  February,  1880.) 

Scb^bach  and  Boehm  have  proposed  a  simple  experiment  for  show- 
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ing  the  re&action  of  eonnd-vaTes.  In  an  inverted  bell-jar  of  glass  U 
placed  a  horizontal  disk  of  smoke-blackened  paper.  A  csircular  collo- 
dion membrane  Is  arranged  above  it,  inclined  33*^  to  the  plane  of  the 
edge  of  the  bell.  If  now  on  the  axis  of  thia  membrane,  and  at  13  centi- 
meters distance,  an  electric  spark  be  produced,  the  membrane  vibrates 
and  the  waves  which  it  prodnces  make  a  series  of  concentric  cLreles  upon 
.the  paper,  the  center  of  which  is  on  the  axis  of  the  membrane.  If  the 
bell  be  filled  with  carbon  dioxide  the  center  of  these  circles  is  displaced 
in  the  direction  reqaired  by  refraction  aaid  by  a  quantity  corresponding 
to  the  sonoroas  refractive  index.  Hydrogen  gas  may  also  be  employed. 
—{Ana.  Phya.  Okem.,  H,  viii,  645, 1879.) 

£ood,  in  studying  the  action  of  a  revolving  fan  introduced  into  melo- 
deons  for  the  purpose  of  producing  a  "  tremolo"  effect,  ascertained  that 
the  variationa  in  loudness  produced  by  it  were  due  to  reiiection  or  non- 
reflection  &om  the  face  of  the  revolving  fan,  and  that  the  same  effect 
could  be  obtained  from  a  disk  consisting  of  closed  and  open  sectors  and 
revolving  in  its  own  plane.  With  this  simple  apparatus  the  following 
points  were  established:  {1}  At  a  perpendicular  incidence  the  short 
sound-waves  are  more  copiously  reflected  than  those  l^at  are  longer,  and 
the  regular  reflection  is  more  copious  from  large  than  from  small  sur- 
ikces.  (2)  When  the  sound-waves  fall  upon  small  flat  surfaces  at  an 
acute  angle,  the  reflection  is  most  copious  in  the  same  direction  as  with 
light,  but  the  reflected  and  inflected  waves  can  be  traced  all  axound  the 
semicircle.  (3)  QuaUtative  comparisons  between  the  power  of  different 
substances  to  reflect  soond  can  easily  be  made.  (4)  If  a  composite  sound- 
wave &11S  on  the  rotating  disk,  the  shorter  waves  will  undergo  regular 
reflection  more  copiously  than  the  other  components.  (5)  The  reflection 
of  sound  from  very  small  surfaces  is  easily  demonstrated. — {Am.  J.  iSfei., 
Ill,  xix,  133,  February,  1880.) 

Ehodes  has  devised  a  simple  apparatus  to  aid  the  deaf  in  hearing, 
called  the  audiphone.  It  consists  of  a  thin  flexible  sheet  of  hard  ebon- 
ite rubber,  provided  with  a  handle  like  a  palm-leaf  fan,  and  with  a  cord 
which  can  be  tightened  at  p'leasure  to  carve  it  into  the  form  of  a  s^ui- 
cylinder.  The  edge  of  the  sheet  is  pressed  against  the  upper  set  of 
teeth,  the  convex  surface  being  outwards,  so  that  vibrations  impinging 
upon  the  sheet  are  transmitted  through  the  teeth  and  bones  of  the  skull 
to  the  auditory  nerve.  Its  use,  therefore,  is  limited  to  cases  where  the 
nerve  is  nearly  or  quite  intact.  GoUadon  has  replaced  the  costly  ebon- 
ite by  a  sheet  of  flne  elastic  cardboard,  about  18  inches  by  10,  and  var- 
nished at  the  edges,  which  is  curved  by  being  pressed  against  the  teeth 
by  the  hand.  Experiments  made  with  it  upon  deaf  mutes  were  highly 
interesting.  A  professional  musician,  deaf  for  fourteen  years,  was  en- 
abled by  this  audiphone  again  to  hear  piano  music.  Fletcher,  in  further 
experimenting,  prefers  birch-wood  veneer  cut  to  an  oval  12  by  8^  inches, 
steamed  and  bent  to  a  curve.  It  is  held  between  the  teeth.  lu  his  ex- 
perience any  audiphone  is  a  iailure  in  two-thirds  of  the  cases  of  *deafiiess 
in  whidi  it  is  tried.— {Nature,  xxi,  426,  469,  616, 1880.) ; ,  L.  O  O  Q I C 


PHY81C8.  251 

Sedley  Taylor  has  given  the  nam©  phoneidoscope  to  an  apparatoafor 
studying  the  cliaracter  of  sound  vibrations  by  causing  them  to  act  on 
a  liquid  film  thin  enough  to  give  color,  sach  as  a  film  of  glyceric  liquid, 
(ruebhard  has  proposed  a  niodiflcati<Mi  of  the  method  by  which  he  has 
obtained  some  very  curious  results.  Beautifol  interference  rings  are 
prodnced  by  the  condensation  of  the  vapor  of  water  upon  the  freshly 
cleaned  sni^e  of  a  very  impure  mercury.  When,  for  example,  the 
various  vowel  sounds  are  emitted  above  such  a  mercury  surface,  with  a 
pare  tone  m^ntained  for  some  seconds,  at  a  distance  so  small  that  the 
vapor  of  water  contained  in  the  breath  has  not  time  to  diffuse,  a  series 
of  figures  are  obtained  which  are  characteristic.  Figures  are  given  of 
the  ten  principal  vowel  sonnds  thns  produced.  The  four  nasal  vowels 
give  more  complex  figures. — [J.  Pkyg.,  ix,  242,  July,  1880.) 

Barlow  has  constructed  an  apparatus  for  recording  the  sounds  of  the 
human  voice,  which  he  calls  a  logograph.  It  consists  of  a  small  trumpet- 
shaped  mouthpiece,  the  larger  extremity  of  whidb  widens  to  a  diameter 
of  7  centimeters.  Over  this  end  is  listened  a  thin  caoutchoao  mem- 
brane. A  light  arm  of  aluminum  is  &steued  at  one  end  to  the  irame, 
and  the  other,  which  presses  against  the  center  of  the  membrane,  with 
which  it  is  movable,  carries  a  small  brush  containing  color.  A  band  of 
paper,  like  that  used  in  the  telegraph,  passes  beneath,  so  that  the  point 
of  the  brush  just  touches  it,  and  traces  a  line  upon  it  when  the  mem- 
brane is  at  rest,  which  is  a  zero  line.  There  is  a  small  lateral  opening 
in  the  mouthpiece  for  the  escape  of  the  air.    Yarioos  examples  are  given, 

of  the  results  obtained  in  using  the  logograph  for  spoken  liuiguage (J. 

Phyi.,  viii,  78,  March,  1879.) 

Dvorak  bos  observed  that  light  resonators  of  glass  or  metal  are  re- 
pelled very  decidedly  when  they  are  brought  near  to  the  resonance  box 
of  a  fork  turned  in  unison  with  them.  The  condition  essential  to  the 
success  of  the  experiment  ie  that  the  ait  of  the  resonance  box  shall  be 
reaUy  in  vibration.  A  metallic  disk  in  unison  with  the  resonator  may 
also  be  used  as  the  vibrating  body.  The  repulsion  thus  produced  is  so 
strong  that  when  a  mill  is  constructed  with  four  resonators  at  its  ends 
and  placed  before  the  resonance  box  of  a  large  fork,  the  mill  revolves. 
Mayer  independently  discovered  the  same  phenomenon. — {Phil.  Mag., 
T,  vi,  225, 1879.) 

HEAT. 

1.  Thermometry  and  Change  of  State. 
Benoit  has  described  a  new  temperature-regulator  based  upon  the 
principle  of  the  variation  of  the  tension  of  a  saturated  vapor  with  the 
temi>eratnre,  first  employed  by  Andrew.  The  apparatus  consists  of  a 
small  bulb,  containing  the  volatile  liquid,  placed  in  the  space  whose 
temperature  is  to  be  maintained  constant.  The  end  of  the  tube  on 
which  this  bulb  is  blown  is  connected  with  a  gas-interrupter  by  means 
of  a  rubber  tube  filled  with  mercury.    This  interrupter  consists  of  a 


t,L.ooglc 


252  f  PHYSICS. 

glass  tabe  over  the  lower  end  of  which  the  mbber  tube  slips,  within 
which  is  a  second  glass  tal>e  conveying  the  gas,  and  which  continaea 
down  nearly  to  the  mercury  level.  The  gas  enters  by  this  tube,  escapes 
at  its  lower  end,  passes  np  between  the  two,  and  goes  to  the  burner 
throogh  a  lateral  tube.  If  the  temi)erature  rises  too  high  the  mercury 
'  colomn  cuts  off  the  supply  of  gas  by  the  in  creased  tension  of  the  vappr ; 
a  by-pass  preventing  complete  extinction  of  the  flame.  The  interrupter 
is  attached  to  a  board  which  slides  up  and  down  along  a  graduated 
scale,  by  means  of  which  the  pressure  upon  the  volatile  liquid  can  be 
made  to  balance  its  tension  at  any  temperature.  Using  methyl  alcohol, 
fbt  example,  its  tension  at  10°  O  is  50™",  at  50°  is  382™,  at  70°  is  857"", 
at  100°  is  24(15™",  So  that  with  ttiis  liquid  constant  temperatures  be, 
tween  these  extremes  may  be  had.  For  other  temperatures  other  liquids 
more  or  less  volatile  than  methyl  alcohol  can  be  used  in  its  stead. — 
(J.  PAys.,  viii,  340,  October,  1879.) 

Edison  made  ase'of  hie  tasimeter  for  measuring  the  heat  of  the  solar 
corona  at  the  eclipse  of  July,  1878.  In  an  account  subsequently  pub- 
lished he  gives  figures  of  the  instrument  and  describes  the  method  of 
using  it.  A  carbon  button  is  inclosed  in  a  heavy  metallic  semi-conical  . 
box.  Upon  this  button  rests  a  metallic  plate  holding  the  lower  end  of  a 
strip  of  vulcanite,  the  Upper  end  of  which  is  held  by  a  screw  which  is 
capable  of  nice  adjustment.  When  radiant  heat  is  allowed  to  fall  on 
the  vulcanite  strip,  it  expands  and  produces  pressure  on  the  carbon, 
^Qs  reducing  its  resistance  and  causing  an  increase  in  the  strength  of 
any  current  which  may  be  flowing  Ithroogh  it  at  the  time.  Ordinarily 
the  tasimeter  is  made  one  side  of  a  Wheatstone  bridge.  To  balance  it, 
at  Bawlins,  a  method  of  "fractional  balancing"  was  devised,  which  con- 
sisted of  a  rheostat  formed  of  an  iron  wire,  Ko.  24, 4  feet  long,  wound  be- 
tween two  rows  of  pins  on  a  board,  used  as  a  shunt  around  the  galva- 
nometer. When  the  pins  of  one  row  were  all  connected  by  a  piece  of  cop- 
I)er  wire,  the  resistance  of  the  shunt  was  so  low  that  only  a  feeble  current 
passed  through  the  galvanometer,  and  it  was  easy  to  balance  it  by  ad- 
iusting  the  tasimeter.  The  copiwr  wire  was  then  taken  off  a  single  pin, 
increasing  the  resistance  of  the  shnnt  by  -^^  ohm,  and  the  spot  of 
light,  deflected  nearly  off  the  scale,  was  again  brought  to  zero.  And  so 
on  until  the  whole  shunt  was  removed,  and  the  whole  current  was  used 
on  the  galvanometer.  Its  sensitiveness  was  now  adjusted  by  raising  the 
damping  magnet  until  the  top  of  the  rod  was  reached.  In  this  condi- 
tion it  easily  indicated  the  heat  of  Arctaros  focused  on  the  vulcanite  by 
a  4-inch  object-glass.  But  upon  the  corona  the  deflection  was  so  violent 
that  the  spot  of  light  passed  off  the  scale  not  to  return. — (Am.  J.  Sci., 
m,  xvil,  62,  January,  1879.) 

Bidout  proposes  to  show  the  expansion  of  glass,  as  a  class  experiment, 
very  neatly,  by  bending  a  glass  tube  of  small  diameter  and  18  inches 
long  into  the  form  of  a  horseshoe,  so  that  the  free  ends  approach  each 
other  within  a  millimeter.    Springing  these  ends  apart  and  introducing 
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a  coin,  it  will  be  held  there  owing  to  the  elasticity  of  the  glass.  On 
warming  now  the  oater  sor&ce  of  the  glass  it  expands  and  the  coin  drops 
out.  LeCoDte,  apropos  of  this,  gives  an  equally  strikiag  method  for 
showing  the  swne  thing,  first  observed  by  Orme  Id  1740.  A  straight 
glass  tube,  60  or  60°"  in  length  and  one  or  two  in  diameter,  is  plac^ 
transversa  before  the  fire,  supported  horizontally  near  its  two  ends  on 
rods  of  hard  wood  of  abont  the  Nune  diameter,  careihlly  leveled.  It 
will  now  roll  toward  the  fire.  If  the  supporting  rods  be  transferred  in- 
ward so  as  to  support  the  tube  near  its  middle,  the  tnbe  will  gradually 
roll  fi^om  the  fire.  In  this  case  the  expansion  of  the  glass  by  the  heat  is 
the  moving  cause,  the  falliog  of  the  side  thus  made  convex  producing 
the  motion.— (PAiL  Mag.,  Jnne,  16S0;  JVafure,  xxii,  157,  318, 1880.) 

Villari  has  experimented  to  det^mine  the  law  of  the  production  of 
heat  by  the  electric  spark  io  gases.  He  used  a  glass  globe  of  about  a 
liter  capacity,  having  two  horizontal  and  two  vertical  tnbnlures.  By  the 
former,  the  electrodes  entered  the  globe;  the  upper  vertical  one  carried 
a  stopcock,  and  the  lower  a  tube  plunged  in  a  diluted  glycerin,  serving 
as  a  thermometer.  Care  was  taken  to  protect  the  globe  &um  loss  or 
gain  of  heat.  The  results  are  given  in  three  laws ;  1st,  the  heat  devel- 
oped by  the  electric  spark  in  gases  is  directly  proportional  to  the  quan- 
tity of  electricity  which  produces  it ;  2d,  the  quantity  of  heat  developed 
by  the  eleotrio  spark  increases  in  thQ  proportion  of  its  length ;  3d,  the 
heat  and  also  the  galvanometric  deviations  produced  by  the  discharge 
of  a  condenser  are  independent  of  its  snrfiice.  The  result  was  not  af- 
fected by  the  direcfion  of  the  spark. — {J.  PAys.,  ix,  5,  January,  1880.)     - 

Barrett  has  studied  the  phenomena  presented  by  the  Trevelyan  rocker, 
and  has  come  to  the  conclusion  that  the  theory  which  ascribes  the  mo- 
tion to  the  rapid  expansion  and  contraction  of  the  metals  in  contact  is 
not  the  correct  one.  He  believes  this  motion  to  be  due  to  the  action  of 
a  polarized  layer  of  gas  between  the  hot  and  cold  snrfhces,  like  that  ex- 
isting between  the  hot  and  cold  surfaces  of  the  layer  of  vapor  support- 
ing a  drop  of  liquid  in  the  spheroidal  state,  termed  by  Stoney  a  "  Crookes 
layer."— (Jfatwre,  xxi,  426,  March,  1880.) 

Camelley,  &om  certain  of  his  experiments,  concluded  that  in  order  to 
convert  a  solid  into  a  liqaid,  the  pressure  most  be  above  a  certain  point, 
which  hecalls  the  "critical  pressure"  of  the  substance,  otherwise  no 
amount  of  heat  will  melt  the  snbstance ;  just  as  in  converting  a  gas  into  a 
liquid  the  temperature  must  be  I)elow  the  critioal  temperature,  or  no 
amonnt  of  pressure  will  liquefy  the  gas.  As  a  deduction  from  his  law,  it 
follows  that,  provided  the  pressure  be  below  the  critical  pressure,  solid 
ice  may  be  heated  to  temperatures  iar  above  its  melting  point,  passing 
then  directly  into  the  gaseous  condition  without  previously  lique^dng. 
He  therefore  tried  the  experiment,  and  he  succeeded  in  obtaining  "solid 
ice  at  temperatures  so  high  that  it  was  impossible  to  touch  it  without 
boming  one's  self."  Kot  only  so,  but  water  has  been  frozen  in  a  glass 
vessel  vtai(di  was  bo  hot  that  it  could  not  be  touched  by  the  hand  with- 
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ont  bamiQ^  it.  Ice  has  been  maintained  for  aome  time  at  temperatores 
fiir  above  the  boiling  point  of  water,  and  then  it  Boblioied*  away  with- 
oat  previous  melting.  The  preesnre  necessary  -was  foand  to  be  anything 
below  4.6"™  of  mercnry,  the  tension  of  aqaeons  vapor  at  0°  C.  In  the  case 
of  mercnric  chloride,  ttiese  phenomena  may  readily  be  produced,  since 
the  critical  pressore  for  this  snbstsnce  is  only  430""-  In  commenting 
on  these  resalts,  LeConte  baa  called  attention  to  their  agreement  with 
well-known  facts.  Of  course  it  is  nnderatood  that  it  is  the  vessel  which 
is  hot,  not  the  ice;  and  that  the  temperature  of  the  ice  must  be  pre- 
served at  0°  by  the  rapid  evaporation  of  it  in  the  solid  state.  In  this 
sense,  the  phenomena  are  comparable  to  those  of  Boutigny  on  the 
epheroidal  state,  and  of  Faraday  on  freezing  mercury  in  a  red-hot  cru- 
cible. BubstaQoes  are  known  which  snblime  without  melting.  Snch 
bodies  have  their  boiling  points  below  their  fiising  points.  By  subject- 
ing them  to  pressure,  their  boiling  points  may  be  raised  above  their 
fusing  points.  Thns  metallic  arsenic,  which  sublimes  without  fusing  at 
18(K>,  melts  under  pressure  below  a  red  heat.  The  rapid  evaporation 
prevents  the  body  ftom  reaching  the  fhsing  temperature.  Conversely, 
by  diminishing  the  pressure  its  boiling  point  is  lowered  below  that  of 
fiision.  He  gives  a  noteworthy  quotation  &om  Begnaolt,  published  in 
1866:  "It  is  evident  that  a  volatile  solid  body  may  be  always  subjected 
to  80  slight  a  pressure  that  it  will  boil  at  a  temperatore  inferior  to 
that  at  which  it  melts.  Thus  ice  at  the  temperature  of — 1°  C.  possesses 
an  elastic  force  represented  by  4.27™";  in  other  words,  it  boils  at  a 
temperature  of — 1°  C.  under  a  pressure  of  4.27™°.  Ice  may  therefore  be 
entirely  volatilized  by  ebtJlition  under  this  feeble  pressure  without 
reaching  its  point  of  fusion,  which  is  0°  C." — [Nature,  xxii,  434,  603,  Sep- 
tember, October,  1880.)  , 

Thomson  has  communicated  to  the  British  Association  a  method  for 
determining  the  critical  temperature  for  any  liquid  and  its  vapor  with- 
out mechanism.  The  pure  liqnid  is  placed  in  a  glass  tobe  about  60™" 
long,  about  3  or  4""  of  the  upper  portion  being  occupied  by  the  vapor. 
The  tube  is  then  hermetically  sealed  and  placed  in  a  vertical  position. 
The  upper  part  is  then  warmed  until  the  surface  of  separation  of  liquid 
and  vapor  sinks  below  S""  from  the  top.  Then  warm  the  lower  part 
containing  the  liquid  till  tbe  surface  rises  again  to  a  coovement  {wsition. 
Operate  thus,  keeping  the  surface  of  separation  at  as  nearly  as  possible 
a  constant  position  of  3™  from  tbe  top  of  the  tube  antU  the  surface  of 
separation  disappears.  The  temperatore  of  the  tube  at  the  place  where 
the  surface  of  separation  was  seen  immediately  before  disappearance  is 
the  critical  temperature. — (Nature,  xxiii,  87,  November,  1880.) 

Yon  Burg  has  presented  a  paper  to  tbe  Vienna  Academy  on  the  action 
of  safety-valves  on  boilers.  He  shows  among  other  things  that  the 
authoritative  directions  given  in  different  countries  as  to  the  size  of 
safety-valves  are  not  at  all  adequate,  being  based  on  eironeons  concep- 
tions.   As  to  the  eaoae  (rfthe  small  amount  of  the  lifting  of  the  vatn 
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daring  escape  of  steam  (seldom  over  i'°^),  a  vibratory  motion  of  this 
valve  was  at  first  supposed  by  the  author ;  bnt  further  study  and  experi- 
ment ledhim  to  the  hypothesis  that  the  steam  jots  in  lifting  the  valve 
do  not  begin  to  move  from  its  middle  point  but  from  the  periphery  of  a 
circle  p  out  to  the  circumference  of  tbe  valve  of  radius  r;  so  that  the 
pressure  of  steam  on  the  under  surface  of  the  valve  is  composed  of  two 
parts,  of  which  the  inner  or  aerostatic  is  produced  by  the  solid  steam 
cylinder  of  radius  p  and  the  outer  or  weak  aerodynamic  part  by  the  ex- 
ternal hollow  cylinder  of  r — p  thickness  of  wall.  The  phases  of  develop- 
meutuf  steam  tension  were  also  investigated. — (Nature,  xxi,  189,  Decem- 
ber, 1879.) 

Aitken  has  propounded  tbe  rather  remarkable  theory  that  dust  is  the 
germ  of  which  fogs  and  olouds  are  the  developed  phenomena.  Steam 
was  mixed  with  air  in  two  large  glass  receivers,  one  of  which  contaiiied 
filtered  the  other  unflltered  air.  In  tbe  former  the  steam  condensed  in 
its  well-knowD  cloudy  form,  while  in  the  filtered  air  no  cloudiness  what- 
ever appeared.  From  these  and  similar  experiments  the  author  con- 
cludes :  1st,  that  whenever  water  vapor  condenses  in  the  atmosphere  it 
always  does  so  ou  some  solid  nucleus ;  2d,  that  dust-particles  in  the  air 
form  the  nuclei  ou  which  the  vapor  condenses ;  3d,  that  if  there  was  no 
dust  there  would  be  no  fogs,  no  clouds,  no  mists,  and  probably  no  rain, 
and  that  the  supersaturated  air  would  convert  every  object  on  the  surface 
of  the  earth  into  a  condenser  on  which  it  would  deposit;  and  4th,  that 
oor  breath  when  it  becomes  visible  on  a  cold  morning,  and  every  puff  of 
steam  as  it  escapes  into  the  air,  show  the  impure  and  dusty  condition 
of  our  atmosphere.  The  importance  of  these  results,  meteorologically,  is 
very  great. — (Jfature,  xxiii,  195,  December,  1880.) 

2.  Conduction  and  Radiation. 

Weber  has  made  a  series  of  experiments  upon  the  conductibility  of 
liquids  for  heat,  resting  in  principle  upon  Fourier's  theory.  Sup- 
pose a  thin  liquid  layer  bounded  by  two  parallel  metallic  plates,  tbe 
whole  possessing  a  uniform  temperature.  At  a  given  instant  the  lower 
plate  is  cooled  to  0°  and  the  whole  system  is  inclosed  in  a  space  at  0°. 
By  determining  the  law  of  the  variation  of  the  temperature  at  the 
center  of  the-  upper  plate,  the  coefiScient  of  conduction  may  be  calcu- 
lated. The  experiment  was  made  as  follows :  Upon  a  plate  of  copper 
O.OS"  in  thickness,  three  small  slips  of  glass  2  to  3°"°  thick  were  placed 
to  support  the  second  plate  of  copper.  This  plate  was  perforated  at 
center  by  a  small  hole  through  which  the  liquid  was  introduced  until  it 
formed  a  slightly  convex  meniscus  at  the  edges  of  the  plates,  care  being 
taken  to  leave  no  bubble  of  air.  When  the  whole  had  acquired  the  tem- 
petatore  of  the  laboratory  one  of  tDe  junctions  of  a  thermoelectric  couple 
was  put  in  contact  with  the  center  of  the  upper  plate,  the  other  remain- 
ing in  the  melting  ice.  An  aperiodic  oscillation  galvanometer  in  tbe 
«arooit  gave,  by  a  simple  reading,   the  electromotive  force,  and  so 
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the  tempeiatnre  of  the  tipper  plate.  By  tbe  help  of  a  pnlley  and  cord, 
the  two  plates  thns  prepared  -were  placed  on  a  thick  and  flat  plate 
of  ice  aod  liDmediately  covered  vitb  a  doable  cylinder  filled  vith  ice. 
The  lower  plat«  takes  at  once  thetemperatnreof  the  iceand  remains  bo; 
in  one  or  two  minates  tbe  circoit  of  the  galvanometer  is  closed  and'  the 
position  of  the  needle  read  every  20  seconds.  Tlie  valneof  k,  in  absolute 
C.  G.  B.  units,  was  found  for  carbon  disnlphide,  0.0250 ;  for  benzene, 
0.0200;  for  water,  0.0715;  copper  sulphate,  0.0710;  for  zinc  sulphate, 
0.0691  to  0.0711 ;  salt,  0.0692 ;  alcohol,  0.0292 ;  ether,  0.0243 ;  ehlorofbrm, 
0.0220;  oil  lemon,  0.0210;  oliveoil,  0.0235;  glycerin,  0.0402.  TheHei%salts 
in  general  agree  with  those  obtained  by  Lundqnist. — [J.  P%».,  ix,  169, 
May,  1880.) 

Orova  haa  proposed  a  purely  opti  cal  method  for-  measuring  high  tem- 
peratures, founded  npon  the  principle  that  two  iq^candescent  bodies, 
having  the  same  radiating  power,  are  at  the  same  temperature  when 
the  spectra  which  they  give  are  identical  in  extent.  The  instenment 
which  he  has  devised  for  these'  measurements  he  calls  a  spectcopyrom- 
eter.  It  is  composed  of  a  direct-vision  epeotro8coi)e,  having  a  ^t  in 
the  eye-piece  to  limit  tbe  field,  and  having  the  observing  telescope  mov- 
able aboat  an  axis  perpendicular  to  the  length  of  the  spectrum,  its  play 
being  limited  to  wave-length  676,  and  on  the  other  side  to  wave-length  323. 
Over  half  the  slit  is  a  total-reflection  prism,  and  in  front  of  the  slit  is  a 
Nicol  prism  in  the  center  of  a  graduated  circle,  a  second  Kicol  being 
placed  either  between  this  and  the  lamp,  or  preferably  jnst  behind  the 
slit  of  the  collimator.  To  measure  the  temperatnre  of  a  body  in  optical 
degrees  the  telescope  is  first  directed  to  the  fixed  point  in  the  red,  the  two 
Nicols  are  put  at  0°,  and  the  intensities  of  the  two  spectra  made  equal, 
either  by  moving  the  moderator-lamp  used  as  the  standard  farther  off,  or 
by  rotating  a  Nieol  placed  between  the  body  and  the  reflecting  prism. 
The  telescope  is  then  moved  to  wave-length  623  in  the  green,  and  two 
green  images  are  obtained  of  unequal  intensities.  If  the  temperature  of 
the  body  is  less  than  that  of  the  lamp  [below  2000°  0.)  the  greens  are 
made  equal  by  rotating  the  Nicol.  If  a  be  the  angle  of  rotation  tbe  in- 
tensity is  equal  to  1000  cos  ^a  if  the  temperature  of  the  lamp  is  1000  optical 
degrees.  To  calibrate  the  instrument,  the  temperature  of  the  lamp  flame 
waa  compared  with  that  of  an  air-thermometer  with  a  porcelain  bulb 
heated  in  a  furnace  nntll  the  spectra  of  the  two  were  identical  throughout. 
In  this  way  Crova  finds  in  optical  degrees  the  following  values  for  Hie 
sources  examined:  Platinum  strip  heated  to  redness  in  a  gas  flame,  524; 
the  same  heated  to  a  white  heat  in  a  gas  blow-pipe  flame,  810 ;  moderator- 
lamp  fed  with  colza  oil,  1000;  stearin  candle,  1162;  illuminating  gas  (Ar- 
gand  burner),  1373;  oxyhydrogen  light  (oxygen  and  coal  gas  on  lime), 
1806;  electric  light  (60  Bunsen  cells),  3*60;  solar  light,  4049.  Theauthor 
hopes  to  compare  in  this  way  the  intensities  of  the  simple  radiations  of 
incandescent  vapors,  provided  that  the  spectrum  consists  of  more  than 
a  single  Una— (-in».  Chim.  Phy^.,  V,  xix^  472,  April,  1880.) 
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MoatoD,  in  an  elaborate  memoir,  haa  given  the  results  of  his  expeii- 
meots  to  determine  the  wave-length  of  dark  heat  rays  by  a  method 
depending  on  the  position  of  interference  bands  in  polarized  light.  In 
the  formula  the  wave-length  appears  as  a  function  of  the  thickness  of 
the  interfering  film,  of  the  difference  of  the  indices  for  the  two  rays  of 
this  wavelength,  and  of  the  number  of  wave-Iepgths  concerned.  By 
the  measurement  of  these  values  the  wave-length  was  easily  calculated. 
The  resnlt  obtained  is  noteworthy,  siuce  it  gives  ua  a  wave-length 
actnally  measured  of  0.002140°",  or  2.14  ^.  If  this  be  compared 
with  the  wave-length  of  the  ultra-violet  line  E,  measured  by  Mas- 
cart,  0.00031775,  it  will  he  seen  that  the  wave  length  of  this  ultra-red 
line  is  more  than  six  and  a.  half  times  greater.  The  entire  ether  gamut 
known  is  more  than  two  and  a  quarter  octaves,  while  the  total  chemical 
and  luminous  radiation  covers  scarcely  a  single  one. — {Ann.  Chim.  Phys,, 
V,  xviii,  145, 1879;  J.  Pkys.,  viii,  393,  December,  1879;  ix,  113,  April, 
1880.) 

Bosetti  has  given  a  series  of  measurements  upon  the  temperature  of 
the  voltaic  arc,  using  a  method  which  consists  in  receiving  upon  the 
fece  of  a  thermopile  placed  at  a  convenient  distance,  rays  emitted  from 
a  surface  of  known  area,  and  measuring  the  thermic  effect  on  a  sensitive 
galvanometer.  The  following  are  his  conclusions:  let.  The  carbon  pos- 
itive pole  from  the  moment  of  the  production  of  the  electric  hght  has 
always  a  higher  temperature  than  the  negative.  2d.  These  tempera- 
tures vary  according  to  the  variation  in  the  strength  of  the  current. 
3d.  They  are  as  much  higher  as  the  radiating  surface  is  smaller,  pro- 
vided, obviously,  that  the  end  of  the  point  be  included.  4th.  For  the 
negative  pole  the  minimum  temperature  was  found  to  be  1910'^G.,  the 
radiating  surface  being  large  and  not  very  brilliant  in  some  places.  The 
maximum  temperature  observed  was  2532°G.,  the  radiating  surface  being 
one-half  the  preceding.  5th.  For  the  positive  pole  the  minimum  temper- 
ature found  was  2313°  0.,  the  carbon  being  very  large  and  the  radiating 
surface  extended.  For  the  maximum  temperature,  3200°  C,  where  the 
carbon  was  thin  and  the  radiating  surface  nearly  one-fourth  of  that  cor- 
responding to  the  minimum  temperature.  6th.  The  extreme  point  of 
the  negative  carbon  may  be  considered  at  2500°  C.  at  least;  that  of  the 
positive  cartwn  not  less  than  3200°. — (Ann.  Chim.  Pkys.,  V,  xviii,  457, 
December,  1879 ;  J.  Phyg.,  viii,  257,  August,  1879.) 

Bosetti  has  published  also  an  extended  memoir  on  the  temperature  of  the 
BUB,  giving  the  experimental  methods  employed  and  the  results  obtained. 
For  the  purpose  of  determining  the  law  of  radiation  as  a  function  of  the 
temperature,  the  thermopile,  which  was  connected  with  a  Wiedemann  re- 
flection galvanometer,  received  tiie  heat  radiated  from  a  Leslie  cube,  con- 
taining water  for  the  lower  and  mercury  for  the  higher  temperatures, 
up  to  300°  G.  Accurate  thermometers  gave  the  temperatures  of  the  air 
outside  and  of  the  liquid  inside  the  cube.  From  the  data  thus  obtained 
an  empirical  fbrmula  was  derived,  which  the  author  thinks  represents 
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tlie  facts  bettor  than  that  of  Dnlong  and  Petit.  From  tills,  resalts  were 
calculated  for  temperatnres  beyond  300°  and  ap  to  2000°,  which  agreed 
well  with  those  derived  Ax)m  experiment.  The  apparatns  was  then  ap- 
plied to  the  determination  of  the  solar  temperatnre.  The  thermopile 
was  placed  where  the  direct  rays  of  the  sun  coald  fall  normally  upon  its 
f^ce.  Four  .readings  of  the  galvanometer  were  made  daring  each  obser- 
vation :  the  first  with  open  circuit  to  fix  the  zero  point ;  the  second,  with 
closed  circuit,  the  case  of  the  pile  being  closed ;  the  third,  after  opening 
the  caae  to  allow  the  heat  rays  to  act ;  the  fourth,  with  the  case  open  and 
the  solar  rays  intercepted  by  a  doable- walled  screen  placed  one  meter  off. 
This  last  reading  was  generally  negative,  the  pile  radiating  beat  into 
space.  Calculated  fix)m  these  resalts  it  appeared  that  the  thermic  etTeot 
which  would  be  produced  by  the  solar  radiation  falling  normally  on  the 
&ce  of  the  pile,  if  the  atmosphere  did  not  exist,  or  if  the  pile  were  above 
it,  is  represented  by  3-3  scale  divisions.  Since  resistance  was  used  in  the 
circuit  in  the  last  experiments,  this  value  most  be  multiplied  by  d.6931 
tomabeitcomparabletotheothers;  this  gives  1S38.5 divisions.  Galling 
the  effective  tcmperatnie  of  the  sun,  that  which  an  incandescent  body 
of  the  same  size  placed  at  the  same  distance  should  have  to  produce  the 
same  effect,  its  emissive  power  being  at  the  maximum,  the  formula  gives 
as  the  absolute  effective  temperatnre  of  the  sun  10238*^.4,  or  in  degrees 
centigrade,  9965.4.  The  author  concludes  that  if  the  absorption  of  our 
atmosphere  only  be  taken  into  the  account,  the  true  temperatareof  the  snn 
cannot  be  far  inferior  to  ten  thousand  degrees.  If  the  absorption  pio- 
duced  by  the  solar  atmosphere  be  also  considered,  and  Secchi's  estimate 
of  .88  be  allowed  for  It,  then  this  temperatnre  is  higher  bat  not  very  far 
BDperior  to  twenty  thousand  degrees. — {Arm.  Ohim.  Fkya.,  V,  rvi,  177, 
June,  1879.) 

Langley  has  compared  the  intensity  of  the  solar-heat  radiation  with 
that  of  the  incandescent  surface  of  Bessemer  steel  in  fusion  as  it  flows 
from  the  converter.  The  temperature  of  this  molten  metal  is  above  that 
at  which  platinum  melts,  a  wire  of  this  metal  fusing  in  the  gas  stream 
issuing  from  the  mouth  of  the  converting  vessel;  hence  it  is  from  1800° 
to  2000°  0.  The  heat  radiated  fh>m  the  liquid  stream  fell  on  one  face  of 
a  thermopile,  while  a  handle  of  solar  rays  was  reflected  on  to  the  other 
fiwe.  Though  the  apparant  diameter  of  the  opening  of  the  converter 
was  many  times  that  of  the  sun,  so  much  greater  was  the  energy  of  the 
latter  that  a  lens  was  interposed  to  form  a  magnified  image  of  the  son 
on  the  pile,  and  it  was  diaphragmed  to  bring  the  needle  to  zero.  Calcu- 
lating for  equal  diameters,  the  solar  energy  was  found  to  be  86  times  that 
of  the  molten  metal  at  least  Photometric  comparison  showed  the  solar- 
light  radiation  to  be  5,300  times  that  of  the  metal.  Crova,  in  noting 
these  experiments,  calls  attention  to  the  rapid  increase  of  light  emitted 
by  melted  silver  as  the  temperature  rises,  being  147  times  greater  at 
1200°  than  at  916°,  and  hence  28,900  times  at  1500°,  as  evidence  that  the 
sun's  temperatnre  is  quite  moderate  compared  with  some  of  the  caloa- 
lations  made  on  the  subject — [J.  Phy8.f  ix,  59,  Febmary,  1880.) 
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Crookes  has  made  remarkable  progress  in  stadying  the  phenomena 
of  molecular  physics  in  high  vacua,  and  has  obtained  results  even  mor« 
novel  and  striking  than  those  connected  with  his  marvelous  little  in- 
Btrumetit,  the  radiometer.  In  a  paper  read  to  the  Royal  Society  Decem- 
ber 5, 1S78,  he  showed  that  the  dark  8pa«e  which  surroonds  the  negative 
pole  in  au  ordinary  vacuum  tube  illuminated  by  an  iuduction  coil,  is  the 
refiolt  of  intense  molecular  vibration  which  excites  a  molecular  disturb- 
ance in  the  surface  of  the  disk  and  the  surrounding  gas.  As  the  rare- 
faction increases,  this  layer  of  molecolar  disturbance  increases  in  thick- 
ness. At  a  pressure  of  O.OTS"",  it  extends  for  8™™  from  the  disk.  It 
is  greatest  in  hydrogen  and  least  in  carbon  dioxide.  Numerous  ex- 
periments were  devised  to  ascertain  whether  this  visible  layer  of  molec- 
ular disturbance  was  identical  with  the  invisible  layer  of  molecular 
pressure.  A  radiometer  with  alumianm  disks,  each  coated  with  mica, 
when  made  the  negative  electrode,  revolved  rapidly  as  soon  as  the  dark 
space  is  made  by  exhaustion  to  extend  to  the  glass.  With  a  cap-shaped 
aluminum  electrode,  the  convergence  of  the  lines  offeree  to  a  focus  was 
very  marked.  When  the  exhaustion  becomes  very  high  the  dark  space 
fills  the  tube,  and  where  the  rays  after  divergence  fall  on  the  glass,  a 
sharply-defined  spot  of  greenish-yellow  light  appears.  This  greenish- 
yellow  phosphorescence  of  molecular  impact  is  due  to  the  particular 
kind  of  glass  used.  Other  kinds  of  glass  give  difterent  colors.  At  4  M 
exhaustion  (M  refers  to  milUontbs  of  an  atmosphere)  no  other  light  than 
this  is  seen.  At  0.9  M  the  phosphorescence  reaches  it  maximum.  At 
0.15  M  the  spark  passes  with  difBculty  and  the  light  appears  in  dashes. 
At  0.06  M  the  vacuum  is  non-conducting,  and  only  very  intense  sparks 
will  pass.  Beyond  this  nothing  has  been  observed.  The  rays  prodncing 
the  green  phosphorescence  will  not  turn  a  comer.  Hence  a  body  in 
their  path  intercepts  them  and  casts,  as  it  were,  a  shadow  on  the  glass 
behiud  it. 

Mr,  Crookes  advances  the  theory,  therefore,  that  the  induction  spark 
actually  illuminates  the  lines  of  molecular  pressure  caused  by  the  elec- 
trical excitement  of  the  negative  pole.  The  thickness  of  the  dark  space 
is  the  measure  of  the  mean  length  of  the  path  between  successive  col- 
lisions of  the  molecules.  The  extra  velocity  with  which  the  molecules 
rebound  from  the  excited  negative  pole  keeps  back  the  more  slowly 
moving  molecules  which  are  advancing  toward  that  pole.  The  con- 
flict occurs  at  the  boundary  of  the  dark  space,  where  the  luminous 
margiu  bears  witness  to  the  enei^  of  the  collisions.  By  using  a  rotat- 
ing fly  it  may  be  caused  to  revolve  with  high  velocity  by  directing  the 
molecular  impact  on  one  side  of  it.  Moreover,  these  lines  of  molecular 
force  are  markedly  deflected  by  a  magnet,  the  action  being  to  twist  the 
tr^ectory  of  the  molecules,  the  direction  of  twist  when  an  eleotro-m^- 
net  is  used  being  that  of  the  electric  current  round  lie  magnet.  When 
the  magnet  ia  so  adjusted  as  to  exert  a  uniform  downward  pull  on  the 
molecnles,  the  trajectory  is  much  curved  at  low  exhaustions,  and  c 
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flatter  as  the  rareficatiou  incieases,  exhibiting  a  close  pftrallelism  mth 
the  pheaomeua  of  projectjles.  Moreover,  great  beat  is  prodnced  by  the 
impact  of  these  molecules.  A  large  bemlBpherical  cup  of  aluminnm 
need  as  the  negative  pole  gives  a  focus  in  which  platinnm  may  be  melted. 
The  conditions  in  these  high  vacua  are  special.  The  free  path  of  the 
molecules  is  so  long  that  the  average  molecule  is  allowed  to  obey  its 
own  motions  or  laws  without  interference }  so  that  if  this  path  is  com- 
parable to  the  dimensions  of  the  vessel,  the  properties  which  coostitate 
gaseity  are  reduced  to  a  minimum,  and  the  matter  becooies  exalted  to 
an  ultra  gaseous  state.  The  phenomena  in  these  tubes  reveal  a  new 
world,  a  world  where  matter  exists  in  a  fourth  state,  where  the  corpus- 
cular theory  of  Ugbt  holds  good,  and  where  light  does  not  always  move 
in  a  straight  hne. 

In  a  lecture  on  radiant  matter,  delivered  at  the  Sheflield  meeting 
of  the  British  Association,  Angust  22,  1879,  Crookes  discussed  and 
elegantly  illustrated  the  principles  given  in  the  paper  above  quoted. 
His  vacna  are  thus  graphically  described:  "According  te  the  best  aa- 
thorities  a  bulb  of  the  size  of  the  one  before  you  (13.6™'  in  diametra) 
contains  more  than  1,000,000,UOO,000,OIIO,000,OUO,000  (a  quadrillion)  of 
molecules.  Now,  when  exhausted  to  the  millionth  of  an  atmosphere, 
we  shall  still  have  a  trillion  molecules  lefb  in  the  bulb,  a  number  quite 
sufBcieut  to  justify  me  in  speaking  of  the  residue  as  matter.  To  suggest 
Bome  idea  of  this  vast  number,  I  take  the  exhausted  bulb  and  perfor- 
ate it  by  a  spark  from  the  induction  coil.  The  spark  produces  a  hole 
of  microseopical  fineness,  yet  sufficient  to  allow  molecules  to  penetrate 
and  to  destroy  the  vacuum.  The  inmsh  of  air  impinges  against  the 
vanes  and  sets  them  rotating  after  the  manner  of  a  wind-milL  Let  as 
suppose  the  molecules  to  be  of  such  a  size  that  at  every  second  of  time 
a  hundred  millions  could  enter.  How  long,  think  you,  would  it  take 
for  this  small  vessel  to  get  full  of  air  f  An  houi-,  a  day,  a  year,  a  century  t 
Ilay,  almost  an  eternity!  A  time  so  enormous  that  imagination  itself 
cannot  grasp  the  reality.  Supposing  this  exhausted  glass  bulb,  indued 
with  indestructibility,  had  been  pierced  at  the  birth  of  the  solar  systom ; 
supposing  it  to  have  been  present  when  the  earth  was  without  form  and 
void;  supposing  it  to  have  bome  witness  to  all  the  stopendous  changes 
evolved  during  the  full  cycles  of  geologic  time — to  have  seen  the  first 
living  creature  appear,  and  the  last  man  disappear;  supposing  it  to  sur- 
vive until  the  falflllment  of  the  mathematician's  prediction  that  the  sod, 
the  source  of  energy,  four  million  centuries  from  its  formation,  will 
ultimately  become  a  bumtout  cinder;  supposing  all  this — at  the  rate  of 
filling  I  have  just  described  (100  million  molecules  a  second)  this  litUe 
bulb  even  then  would  scarcely  have  admitted  its  lull  quadrillion  of 
molecules.  But  what  will  you  say  if  I  tdl  yon  that  all  these  molecnleB, 
this  quadrillion  of  molecules,  will  enter  through  the  microscopic  hole 
before  you  leave  this  roomf  The  hole  being  unaltered  in  sise,  tiie 
nnmber  of  molecules  undiminished,  this  appuent  paradox  cui  only  be 
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explained  by  again  supposing  the  size  of  the  molecnles  to  be  diminished 
almost  infinitely,  so  that  instead  of  entering  at  the  late  of  100  millions 
every  second  they  troop  in  at  the  rate  of  something  lihe  300  trillions  a 
second.  I  have  done  the  sum,  but  figures,  when  they  monut  so  high, 
cease  to  have  any  meaning,  and  such  calculations  are  as  futile  as  trying 
to  count  the  drops  in  the  ocean." — [Proo.  Roy.  Soe.,  December  5, 1878  j 
PAti.  ifa^.,  January,  1879;  J.m.  J.  iSei.,III,xvii,218,  March,1879j  xvlii, 
241,  October,  1879;  SaUre,  xx,  228,  250,  419,  436, 1879.) 

In  a  subsequent  communication  to  the  Boyal  Society,  Crookes  says  that 
he  has  examined  some  of  these  phenomena  more  closely,  and  has  con- 
firmed the  molecular-stream  hypothesis.  Ii^  however,  the  residual  mole- 
cules, being  negatively  charged  by  contact  with  the  negative  pole,  and  so 
repelled,  were  solely  acted  on  by  the  initial  impulse  from  the  negative 
pole,  they  would  take  a  direction  accurately  normal  to  the  surface  re- 
pelling liiem,  and  wonid  start  witli  their  full  velocity.  Bat  the  mole- 
cnles, being  all  negatively  electrified,  exert  mutual  repulsion,  and  there- 
fore diverge  laterally.  The  negative  pole,  likewise,  not  only  gives  an 
initial  impulse  to  the  molecnles,  hut  it  also  continnes  to  act  on  them 
by  repulsion,  the  result  being  that  they  move  with  an  accelerating  ve- 
locity the  further  they  get  from  the  pole.  Within  the  dark  space  at  a 
moderate  exhaustion,  the  velocity  does  not  accumulate  to  a  sufficient 
extent  to  produce  phosphorescence;  but  at  higher  exhaustions  the 
mean  free  path  is  long  enough  to  allow  the  molecules  to  get  up  speed 
sufficient  to  cause  phosphorescence.  The  Inmiuous  boundary  to  the 
dark  space  arouud  the  negative  pole  is  probably  due  to  the  impact  of 
molecule  against  molecule,  producing  phosphorescence  of  the  gas  in  the 
same  way  as  the  impact  of  molecules  against  Oerman  glass  produces 
phosphorescence  of  the  glass.  The  effect  of  deadening  produced  on 
glass  by  long-continued  phosphorescence,  which  was  illustrated  by 
stenciling,  by  means  of  a  discharge  from  the  negative  pole,  the  image 
of  a  maltese  cross  on  the  end  of  a  large  pear-shaped  bulb,  has  been 
fiirther  developed  by  opening  the  bulb  and  heating  the  wide  end  in  the 
blowpipe  dame  until  soft  and  melted  oat  of  .shape.  It  was  then  blown 
out  again  into  its  original  shape  and  re-exhausted ;  on  connecting  it 
witb  the  coil,  the  originai  ghost  of  the  cross  was  seen  to  be  still  there. 
At  Maxwell's  suggestion  a  third,  idle,  electrode  was  introduced  into  a 
tube.  On  connecting  it  with  an  electroscope,  it  appeared  that  when  in 
a  direct  line  between  the  positive  and  negative  poles,  and  receiving  the 
fall  impact  of  the  molecules  driven  from  the  negative  pole,  it  had  a 
strong  positive  charge.  The  effect  of  magueUsm  on  the  discharge  has 
been  fartlier  examined,  and  this  was  found  to  be  so  sensitive  that  when 
the  tube  was  placed  parallel  to  the  earth's  equator,  the  earth's  magnet- 
ism was  sufficient  to  cause  the  spot  of  light  to  move  five  millimeters 
away  &om  the  position  it  occupied  when  the  tube  was  parallel  to  the 
dipping  needle.  Complete  and  orderly  rotation  of  the  molecular  rays 
was  obtained  by  placing  an  electro-magnet  beneatii  the  tabe  in  a  line 
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with  the  terminals.  With  lefereDce  to  the  heating  effect  of  molecnlar 
bombardmeDt,  a  plate  of  Germaa  glass  was  held  in  the  focns  and  soon 
became  red  hot.  Gas  then  appeared  in  the  tabe,  which  gave  the  hydro- 
gen  spectrum.  This  was  pnmped  out  and  the  experiment  repeated. 
The  glass  could  be  heated  to  dull  reduess  without  evolntion  of  gad,  but 
when  the  heat  approached  the  fusing  point,  the  lines  appeared.  This 
hydrogen  the  author  thinks  comes  from  vapor  of  water  which  is  obsti- 
nately held  in  the  superficial  pores,  and  which  is  uot  entirely  driven  off 
by  anything  shori  of  actu^  fusion  of  the  glass.  From  an  experiment 
in  which  a  hole  in  a  mica  disk  was  placed  in  front  of  a  negative  elec- 
trode of  platinum,  and  the  tube  opposite  the  hole  was  uot  more  darkened 
than  the  surrounding  portions,  Grookes  infers  that  the  molecular  stream 
does  not  consist  of  particles  of  the  negative  pole  shot  off  from  it.  With 
regard  to  the  production  of  phosphoresce  ace  by  impact  in  crystals,  the 
conclusion  is  arrived  at  that  the  rays  whose  direction  of  vibration  cor- 
responds to  the  direction  of  masimum  optical  elasticity  in  the  crystal 
are  always  originated  where  any  light  ia  given  out. — {Ifature,  xxii,  101, 
125,  June,  1880.) 

More  recently,  Crookes  has  written  a  letter  to  the  secretary  of  the 
Boyal  Society,  in  answer  to  a  challenge  from  De  la  Bue,  defining  bis 
position  in  reference  to  the  altra-gaseons  or  fourth  state  of  matter. 
This  letter  concludes  thus:  "The  molecule — intangible,  invisible,  and 
hard  to  be  conceived — is  the  only  true  matter,  and  that  which  we  call 
matter  is  nothing  more  than  the  effect  upon  oar  senses  of  the  move- 
ments of  molecules,  or,  as  John  Stuart  Mill  expresses  it,  '  a  permanent 
possibility  of  sensation.'  The  space  covered  by  the  motion  of  molecules 
has  no  more  right  to  be  called  matter  than  the  air  traversed  by  a  rifle 
bullet  can  be  called  lead.  From  this  point  of  view,  then,  matter  is  bat 
a  mode  of  motion ;  at  the  absolute  zero  of  temperature  the  inter-molec- 
ular movement  would  stop,  and  although  something  retaining  the  prop- 
erties of  inertia  and  weight  would  remain,  matter,  as  we  know  it,  would 
cease  to  exist." — [Froc.  Soy.  ISoe.,  Jane,  1880;  Nature,  xxii,  163,  Jane, 
1880.) 

Marangonl  has  studied  the  diathermanons  power  of  liquid  films,  nsing 
for  this  purpose  soapy  water.  A  series  of  equidistant  films  8  or  10  in 
number  was  produced  in  a  wide  glass  tube,  and  heat  rays  from  a  smoked 
plate  at  400<>  were  reflected  through  the  tube  by  a  mirror,  a  second 
mirror  at  the  other  end  directing  them  on  the  face  of  the  thermopile- 
He  found,  (1)  that  the  first  film  absorbs  more  than  half  the  heat,  re- 
ducing the  deflections  fh)m  38  to  IS  divisions ;  (2)  the  successive  films 
prodme  decrements  as  theory  indicates ;  (3)  the  diminntiou  of  intensity 
depends  very  little  on  reflection,  but  almost  wholly  on  absorption ;  [i) 
the  thinner  the  film  the  more  diathermanons  it  becomes;  (5)  the  dia- 
tliermaneity  is  not  sensibly  affected  by  mixing  varions  salts  with  the 
solution  of  soap. — {Nature,  xxi,  620,  April,  1880.) 

Lecher  has  made  fur&er  experimeats  on  the  absorbing  action  of  car- 
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bon  dioxide  for  radiant  heat,  mtli  especial  reference  to  the  efTeot  of  this 
gas  in  the  atmosphere.  Using  a  gas  flame  and  a  glass  cylinder, 
he  fonnd  that  a  layer  of  the  gas  214°"  thick  allowed  9i.8  per  cent. 
of  the  radiation  to  pass;  536"°  allowed  93.8  per  cent.;  and  917™"  89 
per  cent.  The  sun's  rays  were  proved  to  undergo  considerahle  weak- 
ening in  their  passage  through  carbon  dioxide ;  a  layer  of  the  gas  one 
meter  thick  absorbing  13  per  cent,  when  the  sun's  altitude  was  59°, 
diniiniHhing  as  the  sun  got  lower.  The  absorption  of  solar  radiation 
by  carbon  dioxide  is  selective  therefore,  the  absorbable  wave-lengths 
becoming  rarer  as  the  thickness  of  the  atmosphere  already  traversed 
increases.  From  his  experiments,  Lecher  calculates  the  proportion  of 
carbon  dioxide  in  the  atmosphere  to  be  3.27  parts  in  10,000  by  volume. 
The  agreement  of  this  value  with  that  obtained  by  direct  chemical 
methods  suggests  that  absorption  is  a  good  method  for  its  rapid  deter- 
miuatioo  in  the  air. — (JTaiwre,  xxiii,  209,  December,  1880.) 

3.  Speeifie  heat. 

Mile.  Stamo  has  published  as  an  inaugural  dissertation  at  Zurich 
some  researches  upon  the  specific  beat  of  water.  In  the  first  set  of  experi- 
ments a  brass  calorimeter  was  used,  filled  to  within  one  centimeter  of 
the  top  with  copper  turnings  loosely  packed.  Into  this  the  water, 
heated  gra^luallj  in  a  copper  vessel  placed  in  an  oil  bath,  was  poured. 
The  high  conducting  power  of  the  copper  turnings  rendered  it  unuecea- 
sary  to  agitate  the  liqnid.  The  author  having  determined  in  advance, 
as  exactly  as  possible,  the  specific  heat  of  copper  as  compared  with 
water  at  ordinary  temperatures,  the  comparison  could  easUy  be  made 
with  the  water  heated  to  60°  or  8(P.  The  mean  of  the  coefficient  of  va- 
riation of  the  specific  heat  of  water  is  0.0012550,  In  the  second  set 
of  experiments,  the  same  electric  curreot  was  passed  through  wires  of 
platinum,  or  of  German  silver,  about  3°"°  long,  rolled  on  rubber  &amee 
and  immersed  in  calorimeters  full  of  water,  one  being  surrounded 
with  Ice,  and  the  other  with  water  at  a  constant  temperature  t.  From 
the  heating  observed,  the  specific  heats  at  0^  and  at  IP  were  calculated. 
In  this  way  the  variation  coefficient  was  found  to  be  0.000859,  a  value 
of  the  same  order  as  in  the  first  case. — (J.  Phys.,  ix,  138,  April,  1880.) 

Witz  has  examined  the  cooling  power  of  air  at  high  pressures  with  a 
view  to  verify  the  exactitude  of  the  law  of  Dulong  and  Petit,  according 
to  which  the  heat  removed  at  each  instant  from  a  body  by  any  gas  sur- 
rounding it  depends  only  upon  the  excess  of  temperature  of  the  body 
above  the  surrounding  medium,  and  upon  the  pressure  of  the  gas.  The 
apparatus  consisted  of  a  cast-iron  cylinder  of  13  liters  capacity,  strong 
enough  to  sustain  a  pressure  of  10  atmospheres,  lampblacked  on  its  in- 
terior. Within  this  was  placed  a  cylindrical  cup  of  thin  iron,  54™™  long 
and  27""  in  diameter,  surmoonted  by  a  tube  8""  diameter,  tpy  which  it 
is  a<y  usted  to  the  center  of  the  large  cylinder.  The  cup  holds  200  grams 
of  mercuiy,  and  the  stem  of  a  thermometer  is  plunged  into  it.    Tba 
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Tolame  of  the  outer  cylinder  is  400  times  tbat  of  the  inner.  In  making 
an  experiiiient  the  200  grams  of  mercury,  weighed  with  care,  is  heated 
in  an  iron  vessel,  and  poured  into  tbe  central  cup.  The  thermometer  is 
at  once  immersed  in  it,  and  its  temperature  noted  by  means  of  a  tele- 
scope a  meter  distant.  The  time  of  passage  of  the  column  &om  five 
to  five,  or  from  ten  to  ten  divisions  is  noted  on  a  chronograph.  The 
pressures  experimented  with  were  from  7G0  to  6,400"°';  and  the  general 
result  obtained  was  that  the  law  of  Dulong  and  Petit  eeased  to  be  ap- 
plicable at  about  1,520"",  the  pressure  exponent  passing  from  0.45  to 
0.65 ;  though  at  3,040°"°  it  was  0.54,  and  at  6,080°"°,  0.44.  Studjing  the 
phenomena  more  carefully  between  800  and  2,000°"",  Witz  found  that 
Dulong's  law  represented  the  foots  from  800  to  1,200™" ;  and  that  from 
1,200  to  1,600"™  there  waa  a  very  rapid  change,  the  exponent  rising  to 
0.85,  the  curve  of  velocities  presenting  a  point  of  inflection  near  this 
pressure.  This  the  author  shows  in  a  graphic  curve. — {Ann.  Chita.  Fkys., 
V,  xvhi,  208,  October,  1879.) 

LIGHT. 

1.  Reflection  and  Refraction. 

Schweiidler  has  proposed  a  new  light-unit  founded  upon  the  ignition 
of  a  strip  of  platinnm,  as  originally  suggested  in  1844  by  Draper  and  in 
1859  by  Zollner,  and  put  into  praetical  use  for  electrical  illumination  by 
Farmer  also  in  1859.  This  unit  of  luminous  intensity  is  given  by  a  cur- 
rent of  6.15  webers  passing  through  a  platinum  strip  2""  wide,  36.28""™ 
long,  and  0.017°"°  thick,  weighing  0.0264  gram,  having  a  calculated  re- 
sistance of  0.109  mercury-unit,  and  an  actual  resistance  (including  that 
at  the  two  contacts)  of  0.143  mercury-unit  at  the  temperatnre  of  66°  F. 
This  strip  should  be  of  pure  metal,  cut  into  the  U-form,  and  connected 
by  large  conductors  with  eight  Grove  cells  of  low  resistance.  The  cur- 
rent is  maintained  constant  by  means  of  a  mercury  rheostat,  in  the  form 
of  a  U-shaped  groove,  a  millimeter  in  cross-section  and  a  meter  long, 
cut  in  a  board  and  filled  with  mercury.  A  copper  bridge  movable  along 
thisgrooveenables  the  current  to  be  hept  constant,  as  indicated  on  a  gal- 
vanometer. Tbe  P.  L.  S.  (platinum  light  standard)  is  equal  to  nearly 
0.7  slandaxd  caudle.  The  economy  of  this  light  in  comparison  with  that 
of  the  voltaic  arc  is  over  70  times  in  favor  of  the  arc — {PML  Mag.,  V", 
viii,  392,  November,  1879 ;  J.  Phys.,  ix,  135,  April,  1880.) 

Eder  has  suggested  a  chemical  photometer.  The  solutions  are  pre- 
pared by  dissolving  separately,  eaeh  in  one  liter  of  water,  40  grams  of 
ammonium  oxalate  and  50  grams  of  mercuric  chloride  (corrosive  sub- 
limate). When  used,  two  volumes  of  the  fonner  solution  are  mixed 
with  one  volume  of  the  latter,  and  exposed  to  the  light.  The  liquid  be- 
comes turbid,  and  a  black  precipitate  is  thrown  down.  The  weight  of 
this  precipitate  per  square  centimeter  of  surface  exposed  to  the  light 
gives  the  measure  of  its  intensity. — (Ber.  Ak.  Wien,  1879, 240  j  J.  Pkyt.f 
ix,  110,  March,  1880.) 


i,L.ooglc 


PHTaicfl.  265 

Goay  has  inveBtigated  the  pliotometry  of  colored  flames,  and  has  de- 
vised a  apectroscope  by  which  viirioas  sources  of  light  of  differeut  colors 
may  be  compared  with  others,  tho  comparison  being  made  in  parts  of 
their  spectra  having  the  same  tints.  The  spectroscope  ia  an  ordinary 
two-prism  instrument,  the  collimator  having  its  objective  half  covered 
with  a  plate  of  plane  glass  so  inclined  that  the  light  from  a  second  colli- 
mator falling  on  its  face  is  reflected  into  the  prisms.  The  eye,  therefore, 
sees  in  the  observing  telescope  two  spectra  in  exact  coincidence,  one 
coming  from  each  of  the  two  collimators.  One  of  these  comes  i^rom  a 
gas  flame,  and  is  continuons ;  the  other  is  a  bright  line  spectrum  com- 
ing from  an  incandescent  vapor.  By  means  of  two  Kicol  prisms  the 
intensity  of  the  former  may  be  regulated.  The  angle  between  these 
prisms  measnres  the  illuminatiag  power.  The  author  shows  that  for 
wide  bands,  and  for  continuons  spectra,  their  transparence  is  complete. 
For  narrow  lines,  it  appears  not  to  be  true;  that  for  each  simi>ie  ray  the 
eoussive  and  the  absorptive  power  depend  only  on  the  quantity  of  vapor 
contained  in  a  right  cylinder  having  a  unit  base,  and  for  its  height  the 
Uiickness  of  the  layer ;  that  two  layers  of  vapor  at  the  same  temperature, 
which  give  the  same  brilliance  to  a  given  line,  have  identically  the  same 
vapor  quantity  and  are  optically  alike ;  and  that  the  widening  of  linea 
is  a  necessary  consequence  of  the  faet  that  the  radiation  of  the  vapor  is 
a  continuous  function  of  the  wave-length,  which  does  not  disappear  be- 
yond the  lines,  but  forms  a  backgroond  of  continuous  spectrum,  which 
is  never  wanting  when  the  illumination  is  sufficiently  brilliant. — (Ann. 
Ckim.  PAj/8.,  V,  xviii, 5,  September,  1879;  J.  Phya.,  ix,  19,  January,  1880.) 

Michelson  read  at  the  Saratoga  meeting  of  the  American  Association 
a  paper  describing  his  experimental  determination  of  the  velocity  of  light; 
Tie  method  which  he  employed  was  Foncanlt's,  with  a  revolving  mirror, 
but  in  which  some  modifications  were  introduced.  The  chief  of  these 
was  the  replacement  of  Foncault's  spherical  mirror  by  a  plane  mirror, 
ttins  enabUng  the  distance  between  this  mirror  and  the  revolving  mirror 
to  be  increased  indefinitely.  To  make  the  displacement  of  the  returned 
image  as  great  as  possible,  the  distance  &om  the  slit  to  the  revolving 
mirror  and  the  speed  of  rotation  should  also  be  increased.  But  increas- 
ing the  first  distance  diminishes  the  second,  from  the  laws  of  conjugate 
foci.  This  difficulty  was  overcome  by  using  a  lens  of  150  feet  focus,  and 
by  placing  the  revolving  mirror  15  feet  within  the  principal  focus  of  the 
lens.  In  the  experiments  the  distance  between  the  two  mirrors  was 
nearly  2,000  feet,  and  the  distance  from  the  slit  to  the  revolving  mirror 
was  about  30  feet,  the  speed  of  the  rotating  mirror  being  about  257  rev-' 
olutions  per  second.  The  deflection  obtained  exceeded  133"™,  being 
about  200  times  that  obtained  by  Foncanlt.  This  deflection  was  meas- 
ured to  within  three  or  four  hundredths  of  a  millimeter,  and  the  result 
therefore  may  be  regarded  as  correct  within  one  t«n-thousandth  part. 
The  mirror  was  rotated  by  an  air  turbine  on  the  same  axle,  the  pressnre 
of  air  being  kept  constant  by  means  of  a  water-gauge.    An  electrically 
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vibrated  tiinisg-forlc  vas  used  to  regulate  and  measure  the  speed,  the 
light  from  the  revolving  mirror  being  reflected  from  a  steel  mirror  on 
one  of  the  prongs  to  a  piece  of  plane  glass  in  front  of  the  eye-piece,  and 
thence  to  the  eye.  When  the  mirror  makes  as  many  turns  as  the  fork 
makes  vibrations,  or  when  these  are  in  simple  ratio  to  each  other,  the 
two  images  become  stationary.  The  electric  fork  made  128  vibrations, 
and  was  compared  at  each  set  of  observations  with  a  standard  Ut^  fork 
making  256.072  vibrations  at  65^  F.  The  deflection  was  measnred  with 
an  accurate  micrometer.  The  results  are  given  in  100  readings,  each  of 
which  is  the  mean  of  ten  separate  observations.  The  mean  value  cor- 
rected for  temperature,  for  the  velocity  of  light  in  air  is  299,864  kilome- 
ters per  second.  Adding  80  kilometers  to  reduce  it  to  vacuo,  this  value 
becomes  299,944  kilometers,  with  a  probable  error  of  ±61  kilometetu — 
This  gives  180,380  miles  per  second  reduced  to  English  measure. — {Am. 
J.  Sd.,  Ill,  xviii,  390,  November,  1879.) 

Ayrtoa  has  given  a  lecture  at  the  Royal  Institution  upon  magic  mir- 
rors, the  effects  of  which,  as  it  appears,  so  far  from  being  intended,  were 
quite  unknown  to  the  Japanese,  though  known  to  the  Chinese  from  the 
earliest  times.  On  reflecting  a  divergent  beam  of  light  from  such  a 
mirror,  Ayrton  found  that  the  pattern  on  the  back  appeared  bright  on 
a  dark  ground ;  with  a  parallel  beam  no  pattern  could  be  seen ;  while 
with  a  convergent  beam  the  pattern  was  dark  on  a  light  ground.  Hence, 
the  effect  must  be  caused  by  inequalities  in  the  curvature  of  the  reflect- 
ing surface  corresponding  to  the  raised  pattern  on  the  back,  the  portions 
where  the  relief  increases  the  thickness  of  the  plate  being  flatter  than 
the  remaining  convex  surface,  and  sometimes  actually  concave.  The 
result  is  very  exceptional,  being  shown  well  in  only  2  or  3  per  cent  of 
the  mirrors  made.  It  is  produced  when  the  bronze  casting  is  worked 
sufficiently  thin  to  determine  a  bockliug  of  the  metal. — (Nature,  xix,  186, 
539,  December,  1878;  April,  1879.) 

Govi  presented  to  the  Turin  Academy  in  1864  a  valuable  historical 
paper  upon  the  magic  mirrors  of  the  Chinese,  called  by  them  Tham- 
kouang-kim,  or  mirrors  which  the  light  can  penetrate.  In  this  he  shows 
that  if  the  mirror  be  heated  from  behind  the  thin  portions  heat  most 
rapidly,  become  more  convex,  and  the  magic  effect  is  made  more  marked. 
Bertiu,  associating  himself  with  Duboscq,  sought  to  improve  upon  this 
suggestion  of  Govi's,  by  varying  the  curvature  by  pressure.  A  frame 
was  constructed  for  holding  the  mirror  so  that  air  could  be  forced  in 
behind  it  to  make  its  surface  more  convex,  or  exhausted  to  make  it  con- 
cave. A  mirror  in  nickel-plated  brass,  on  the  back  of  which  figures 
were  engraved  and  relief  ornaments  soldered,  became  very  magic  by 
pressure,  giving  simultaneously  a  dark  image  of  the  depressed  designs 
and  light  images  of  those  in  relief. — {Ann.  Chim.  Pkys.,  V.  xx,  99, 110, 
143,  May,  1880;  J.  Phps.,  is,  401,  December,  1880.) 

Bibart  has  shown  that  although  the  images  produced  in  the  kaleid- 
oscope are  sharp  when  looked  at  directly,  whatever  be  the  angle  between 
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the  mirrora,  this  is  true  of  projected  images  only  when  the  angle  hetween 
the  mirrors  is  an  even  submultiple  of  the  circumference.  For  this  projec- 
tion the  light'  should  be  concentrated  ni)on  the  object,  say  a  amall  hole 
in  a  blackened  Bcreen.  Behind  this  screen  are  the  blackened  mirrors, 
one  horizontal,  and  behind  these  a  lens  for  producing  the  image  on  the 
screen.  If  the  inclination  of  the  second  mirror  be  varied,  the  numbec 
of  the  images  increases  by  doubling  one  of  them. — {J.Pkys.,  ix,ll,  Jan- 
uary, 1880.) 

Bleekrode  has  measured  the  indices  of  refraction  of  cyanogen,  carbon 
dioxide,  and  ammonia,  liquefied  in  a  Faraday  tube  having  parallel  sides 
at  one  end.  He  used  the  method  of  determining  the  index  by  the  dis- 
placement of  an  object  seen  with  a  microscopic  objective  when  the  space 
at  first  empty  is  filled  with  the  Uquefied  gas.  The  index  of  cyanogen, 
at  13°,  for  the  sodium  line,  was  found  to  be  1.320;  of  carbon  dioxide  at 
19°,  1.163 ;  of  ammouia  at  17o.5,  in  sunlight,  1.314.  The  index  of  zmc- 
ethyl  was  obtained  as  1.489,  The  above  value  for  COj  is  very  near  that 
obtained  by  Brewst«r  in  1826,  for  a  liquid  contained  in  a  cavity  in  Bra- 
zilian topaz,  andonbtedlj'  liquid  COa. — {Ann.  Phya.  Ckem.,  II,  viii,  400, 
1879 ;  J.  Phys.,  ix,  141,  April,  1880.) 

Bertin  has  described  an  inverting  prism  devised  by  Duboscq  for  use 
with  the  lantern,  in  cases  where  the  object  cannot  Itself  be  inverted.  It 
consists  of  a  right-angled  isosceles  prism  whose  hypothenose  is  placed 
parallel  to  the  axis  of  a  convergent  beam  of  light,  its  center  coinciding 
with  the  focal  point.  Under  these  circnmstances  the  beam  is  totally 
reflected  irom  the  base  of  the  prism  and  inverted.  In  practice,  two  of 
these  prisms  are  placed  in  the  beam  from  the  lantern,  with  their  bases 
together.  -  The  use  of  a  prism  for  this  purpose  is  not  new ;  it  is  figured 
iu  Brewster's  Optics  (London,  1853,  p.  454,)  where  it  is  de.scribed  for  the 
same  purpose.  More  recently  {J.  Fr.  Inst.,  Ixiii,  37o,  1872)  Zentmayer 
has  constructed  an  inverting  prism  for  the  microscope,  which  he  has 
also  used  for  the  lantern,  and  which  would  seem  to  be  more  effective  so 
tar  as  amoant  of  light  is  concerned  than  the  Duboscq  arrangement. — 
{J.  Phyg.,  viii,  336,  October,  1879.) 

Gariel  has  proposed  some  ingenious  mechanical  models  for  iUnstrat- 
ing  the  relations  of  the  foci  of  lenses.  Two  rods  are  articulated  on  a 
line  perpendicular  to  the  axis  of  the  lens — drawn  in  section — at  a  point 
near  its  circumference.  These  rods  are  attached  near  their  ends  to  op- 
posite parts  of  a  cord  wliieh  moves  over  pulleys  attached  to  the  frame. 
Since  the  angle  between  the  rods  remains  constant,  by  moving  the  cord 
the  variations  in  the  positions  of  intersection  of  the  rods  with  the  axis, 
i.  «.,  the  foci,  may  be  clearly  shown.  A  noteworthy  modification  of 
this  model  enables  the  optical  phenomena  of  the  eye,  accommodation, 
emmetropia,  myopia,  and  hypermetropia,  to  be  shown  distinctly  to  an 
entire  class.— (J.  Phya.,  ix,  340,  October,  1880.) 

Stevenson  has  suggested  an  instrument  for  exploring  dark  cavities 
-which  are  inaccessible  to  direct  light.  .  It  is  simply  a  train  of  prisms  by 
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which  the  ray  is  properly  beat,  these  prisms  being  snitably  achroma- 
tized. Light  is  throwD  into  them  fi'om  a  mirror  at  the  end  of  the  train. 
This  traverses  the  system,  illamiuates  the  object  by  reflection  from  the 
last  surface,  also  a  minor,  and  then  returns  overtbe  same  path,  passing 
to  the  eye  throngh  an  opening  in  the  first  mirror.  The  uamber  of  prisms 
which  may  be  used  is  bmited  only  by  the  light  and  the  deflnitioa. — [Ma- 
ture, xxi,  14,  November,  1879.) 

Joseph'  Le  Conte  has  coatinned  hia  researches  on  binocular  vision,  and 
has  published  a  paper  on  the  laws  of  ocular  motion.  The  conclusion 
which  he  reaches  is  that  vben  the  eyes  move  in  the  same  direction, 
parallel  to  each  other,  as  in  ordinary  vision  of  objects,  all  their  motions 
are  governed  by  the  law  of  Listing;  i.  e.,  they  are  effected  without  rota^ 
taon  on  the  optic  axes.  But  when,  on  the  contrary,  they  move  in  oppo- 
site directions,  as  in  strong  convergence,  then  the  law  of  Listing  is  en- 
tirely abrogated  or  overborne  and  another  law  reigns  in  its  place. — {Am, 
J.  Sei.,  ni,  XX,  83,  Angust,  1880.) 

Steinhanser  has  pointed  out  a  fixed  relation  between  the  size  and  rel- 
ative position  of  the  two  views  of  a  stereoscopic  picture,  the  lenses  of 
the  camera  with  which  it  is  taken,  and  the  optical  arrangements  of  the 
stereoscope  in  which  it  is  to  b^  viewed.  If  these  relations  are  rightly 
observed  the  efl'ect  of  relief  will  be  much  more  perfectly  attained  for  all 
parts  of  the  picture.  The  eye-pieces  of  the  stereoscope  above  the  plane 
of  the  photographic  pictures  ought  to  be  made  as  nearly  aa  maybe 
equal  to  the  focal  length  of  the  objective  of  the  photographer's  camera, 
and  this  again  should  be  about  equal  to  the  mean  distance  of  easy 
vision,  or  from  10  to  12  inches.  Hence  he  suggests:  Ist,  that  all  stereo- 
photographs  should  be  taken  with  lenses  of  the  same  focal  length,  say 
15»n>.j  2d,  that  ail  should  be  made  of  equal  breadth  or  about  75""j 
and  3d,  that  the  distance  between  the  centers  of  the  objective  lenses 
should  be  constant. — {Nature,  xxi,  117,  December,  1879.) 

Obach  has  made  a  series  of  experiments  to  determine  whether  the 
phosphorescent  light  of  Balmain's  paint  would  produce  any  sensible 
effect  on  the  conductivity  of  selenium.  For  this  purpose  a  Siemens 
selenium  cell  was  used,  which  was  exposed  ia  a  phosphorescent  surface 
20  by  30™,  placed  at  60™  distance.  When  exposed  to  the  bght  reflected 
from  the  ceiling  of  a  semi-dark  room,  the  light  from  the  phosphorescent 
surface  reduced  the  conductivity  of  the  selenium  0.7  per  cent. ;  light 
frx>m  the  ceiling  of  a  vell-Ughted  room  for  15  minntes,  2.4  per  cent.; 
light  of  sky  at  5  p.  m.  for  several  minutes,  4.6  per  cent.;  light  from 
few  inches  magnesium  ribbon,  5.1  per  cent.;  sunlight  for  two  minutCH, 
7.8  per  cent.  The  influence  of  350  square  centimeters  of  luminous  sur- 
face, excited  by  diffused  daylight,  was  found  equal  to  0.0014  standard 
candle  or  0.04  standard  candle  per  square  meter. — {Nature,  xxii,  196, 
September,  1880.) 

Oraham  Bell  presented  to  the  American  Association  at  its  Bostoa 
meeting  a  paper  by  himself  and  Tainter  on  the  production  and  repro- 
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dnction  of  Bonnd  by  light  The  apparatus  devised  for  the  pariH)ae  he 
calls  a  photophoDe ;  and  its  action  is  based  on  the  fact  that  when  an  in- 
termittent beam  of  light  is  made  to  fall  on  a  disk  of  almost  any  mate- 
rial, this  disk  emits  sounds  whose  pitch  is  the  same  as  the  number  of 
intermissions.  The  substance  most  sensitive,  however,  is  selenium, 
which,  as  is  well  known,  diminishes  in  its  electrical  conductivity  by  the 
action  of  light.  When  therefore  au  electric  current  was  passed  through 
a  seleninm  cell  and  a  telephone,  the  intermittent  beam  of  light  falling 
on  the  selenium  varied  its  resistance  so  as  to  reproduce  au  intermittent 
electrical  current  of  the  same  pitch  distinctly  audible  in  the  telephone. 
The  cell  was  made  of  disks  of  brass,  alternating  with  slightly  smaller 
disks  of  mica,  the  metal  disks  being  alternately  united  electrically.  In 
the  grooves  between  these  metal  disks  melted  selenium  was  placed,  and 
the  whole  was  heated  to  such  a  temperatnre  that  the  selenium  passed 
into  the  crystalline  state.  This  cell,  placed  in^the  focus  of  a  parabolic 
mirror,  constituted  the  receiver.  The  transmitter  consisted  simply  of  a 
sheet  of  mica  or  thin  glass,  silvered,  against  the  back  of  which  the  voice 
oonld  be  directed  by  means  of  a  mouthpiece.  Upon  this  a  beam  of  con- 
densed snnUght  was  allowed  to  fall,  whence  it  was  reflected  to  the  dis- 
tant receiver.  On  talking  into  the  mouth-pieco,  the  beam  of  light  varied 
correspondingly,  and  the  spoken  words  became  audible  in  the  tele- 
phone.— iAm.  J.  8ci.,  Ill,  XX,  305,  October,  1880.  See  also  Ann.  Chim. 
Phya.,  Y,  Kxi,  399,  560,  1880 ;  Nature,  xxii,  500 ;  xxiii,  16,  58, 1880.) 

Mercadier  has  studied  the  simpler  forms  of  the  p  ho  top  hone,  which  he 
calls  radiophone,  a  sort  of  optical  siren,  in  which  a  rotating  disk  pierced 
with  holes  is  interposed  in  the  path  of  ligbt-rays,  causing  Intermitteuces 
of  a  period  corresponding  to  the  speed.  The  disk  used  is  simply  a  sheet 
of  black  paper  gummed  on  a  glass  disk  to  avoid  the  whistling  sound 
noticed  with  perforated  disks.  The  receiviug  disks  were  fixed  in  a  suit- 
able holder,  at  the  end  of  a  short  hearing-tnbe'  of  India  nibber.  When 
the  substance  used  was  opaque,  like  zinc,  copper,  etc.,  the  loudness  is 
the  same,  whether  polished  or  not.  Thin  disks  are  better  than  thick 
ones,  and  glass  and  quartz  gave  good  results.  A  film  of  smoke  or  paint 
or  of  metallic  silver  on  the  ttont  of  the  disk  diminishes  the  effect,  while 
blackening  the  back  of  the  disk  makes  it  louder. — (Nature,  xxlii,  209, 


2.  IHaperaion  and  Color. 

J.  W.  Draper  has  described  a  new  form  of  spectrometer,  intended  for 
comparing  the  brilliancy  of  lights.  It  depends  on  the  optical  principle 
that  a  light  is  invisible  in  presence  of  another  sixty -four  times  stronger. 
To  produce  it,  the  scale-tube  is  removed  from  the  common  three-tubed 
spectroscope,  and  a  piece  of  glass  ground  on  both  sides  is  placed  against 
the  aperture.  By  placing  a  gas-flame  in  front  of  this  glass,  the  field 
appears  nniformly  illuminated.  This  is  the  extinguishing  light.  With- 
out it,  the  spectrom  of  a  luminous  fiame  placed  before  the  slit  appears 
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ae  osaal.  With  it,  this  spectrnm  appears  ia  a  field  of  light,  the  bril- 
liancy of  vhich  can  be  varied  at  pleasure.  When  the  extingaishing 
flame  is  distant,  the  whole  spectrum  is  visible.  As  it  comes  nearer,  the 
violet  first  disappears,  and  then  the  other  colors  in  the  order  of  their 
brightness.  Though  the  yellow  is  commonly  supposed  to  be  the  bright- 
est of  the  rays,  yet  it  disappears  in  this  treatment  in  the  order  of  its 
refrangibility,  the  red  being  plainly  perceptible  long  after  the  yellow  has 
gone.  To  render  the  extingnilshing  light  more  intense  in  order  that  it 
may  obliterate  very  bright  spectra,  the  simple  and  efiQcient  device  was 
adopted  of  depositing  an  exceedingly  thin  nim  of  silver  on  the  reflect- 
ing face  of  the  prism.  This,  while  not  perceptibly  diminishing  the 
amonnt  of  transmitted  light,  increased  markedly  that  of  the  reflected 
beam.  Sunlight  was  then  tried  with  the  same  resnlts.  The  prism  was 
then  replaced  by  a  grating,  and  the  experiment  repeated  on  the  diffrac- 
tion spectrum.  In  this  all  the  colored  spaces  yielded  apparently  in  an 
eqaal  manner,  and  all  disappeared  at  the  same  moment.  On  diminish- 
ing the  illumination,  all  the  colors  came  into  view  apparently  at  the  same 
'  time.  The  author  concludes:  1st,  that  in  the  prismatic  spectrum  the 
luminous  intensity  increases  from  the  more  to  the  less  refrangible  spaces, 
its  maximum  being  not  in  the  yellow,  but  in  the  red.  This  is  due  to  the 
action  of  the  prism,  which  narrows  and  as  it  were  condenses  the  colored 
spaces  more  and  more  as  we  pass  toward  the  red,  increasing  the  intensity 
of  the  light  as  it  does  that  of  the  heat ;  2d,  that  in  the  grating  or  dif- 
fraction spectrum  the  luminous  intensity  is  equal  in  all  the  visible  regions, 
all  the  colors  being  simultancouBly  obliterated  by  an  extinguishing  light. 
The  distribution  of  heat  is  therefore  that  of  light. — (Am.  J,  8ei,,  III, 
xviii,  30,  July,  1879.) 

Cornu  has  contrived  a  spectroscope  intended  especially  for  the  study 
of  the  ultra  violet  rays.  The  object-glass  alike  of  the  collimator  and  the 
observing  telescope  is  aii  achromatic  lens,  coosisting  of  a  double  convex 
lens  of  quartz  and  a  plano-concave  lens  of  calc-spar,  both  cut  perpen- 
dicular to  the  optic  axis.  This  combination  is  especially  useful  for  the 
ultra  violet  rays,  allowing  all  the  rays  to  pass  that  reach  us  through 
our  atmosphere,  and  being  almost  absolutely  achromatic  fiar  them;  so 
that  the  adjustment  required  for  different  parts  of  the  spectrum  is 
almost  nothing.  The  prism  used  may  be  of  calc  spar,  though  it  absorbs 
rays  of  the  highest  retrangibility;  or  of  quartz,  though  if  the  axis  is 
parallel  to  the  optic  axis,  the  double  refraction  interferes.  Thbs  is  obvi- 
ated by  nsing  a  prism  made  of  two  halves  of  contrary  rotation,  Uie 
interior  face  being  perpendicular  to  the  axis.  To  obtain  a  double  dis- 
persion, the  two  prisms  of  quartz  have  their  bisecting  planes  perpen- 
dicular to  the  optic  asis,  but  having  opposite  rotatory  power. — [J.  PItifS., 
viii,  86,  June,  1879.) 

Lamansky  has  proposed  a  special  form  of  spectroscope  for  studying 
fluorescent  liquids.  Ordinarily  a  glass  plate  has  intervened  between 
the  liquid  and  the  spectmm  made  to  enter  it.    Hagenbaoh  plac(»  the 
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slit  and  the  prism-axis  horizontally  and  projects  the  spectrum  on  the  free 
Borface  of  the  liquid.  The  author's  spectroscope  consists  of  a  graduated 
circle  carrying  the  collimator  and  telescope,  and  movable  to  any  angle 
in  t^e  vertical  plane.  A  mirror  sends  the  light  into  the  collimator, 
beyond  the  lens  of  which  and  in  the  same  tube  is  a  direct-vision  prism. 
The  spectramia  thrown  on  the  surface  of  the  liquid  contained  in  a  small 
vessel  on  a  movable  tabic  attached  to  the  stand.  It  passes  from  it  into 
the  observing  telescope,  whose  focal  distance  is  shortened  by  a  second 
object-glass  removable  at  will.  The  circle  is  divided  for  the  purpose  of 
measuriog  the  angles  of  incidence  and  emergence. — (J.  Phys.,  viii,  411, 
December,  1879 ;  Nature,  xxi,  2C7,  January,  1880.) 

Liveingand  Dewar  have  studied  the  conditions  of  reversal  of  the  lines 
of  metallic  vapors.  They  used  at  first  a  tube,  the  closed  extremity  of 
which  was  heated  to  incandescence  in  a  fiimace.  The  metal  contained  in 
the  tube  volatilizes;  the  light  given  by  the  bottom  of  the  tube  and  by 
its  walls  gives  alone  a  continuous  spectrum;  but  before  reaching  the 
spectroscope  it  traverses  the  vapor.  In  the  early  experiments  an  iron 
tnbe  15'="  in  diameter  and  80*"  long  was  nsed,  protected  externally  by  a 
glaze.  It  was  heated  for  30*",  the  upper  extremity  of  the  tube  being 
open  and  covered  with  a  plate  ofmica  or  glass.  A  slow  current  of  hydro- 
gen prevented  the  vapors  in  the  upper  end  of  the  tube  from  oxidizing. 
The  collimator  of  the  spectroscope  had  its  axis  in  line  with  that  of  the 
tube.  In  this  way  the  green  thallium  line,  the  bine  indium  line,  the 
lines  6,  and  some  blue  lines  of  magnesium  were  reversed.  The  tempera- 
ture not  being  sufficiently  high,  the  authors  next  used  a  block  of  lime, 
having  a  hole  bored  in  its  axis,  G  or  7"™  diameter,  into  the  lower  end 
of  which  a  lateral  hole  opened  for  the  insertion  of  an  oxyhydrogen  jet. 
Or  two  lateral  holes  may  be  bored  opposite  to  one  another  and  the  two 
carbons  of  a  voltaic  arc  introduced.  Similar  crucibles  of  carbon  were 
also  used.  By  means  of  a  mirror  placed  over  the  opening  the  light  was 
reflected  to  the  spectroscope.  In  this  way  the  reversal  was  accom- 
plished of  13  of  the  31  lines  of  potassium,  of  4  of  the  12  of  sodium,  of  6 
oat  of  21  of  barium,  of  10  out  of  34  of  strontium,  and  of  11  out  of  37  of 
calcium.  Beside  these,  4  lines  of  lithium,  1  of  caesium,  5  of  magnes- 
ium, and  2  of  aluminum  were  also  reversed. — (J.  Phys.,  viii,  3S5, 
November,  1879.  From  Proc.  Soy.  Soc,  xxvii,  132,  350,  494,  1878; 
xxviii,  352,  307,  471,  1880.) 

Peirce  has  called  attention  to  the  iact  that  aline  in  the  diffraction  spec- 
trum (whether  light  or  dark)  must  be  shifted  from  its  normal  position 
in  case  another  line  &lls  very  near  it.  Koighboring  lines  must  be  at* 
tracted  if  both  are  bright  or  both  dark,  and  repelled  if  one  is  bright  and 
the  other  dark.  The  reason  assigned  is  that  the  lines  are  only  maxima 
or  minima  of  light,  and  the  difibrential  coefficient  of  the  sum  does  not 
vanish  at  the  same  points  as  the  differential  coefficients  of  the  separate 
tenns.  The  shifting  will  be  the  greatest  in  the  case  of  a  faint  line  near 
a  very  intense  o'ue.    The  author  has  succeeded  in  shifting  the  position 
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of  lines  by  measurable  amoaots — one  or  two  seconds. — (Nature,  xzi, 
108,  December,  1879.) 

Knndt  has  observed  the  pbenomonoa  of  anomalous  dispersion  in 
Bodiam  vapor.  In  preparing  to  reverse  the  sodium  line  for  a  lecture 
experiment,  he  perceived  that  when  the  sodium  vapor  was  very  dense 
and  the  dark  line  very  broad  a  peculiar  bend  outwaxd  appeared  at  the 
ends  and  on  opposite  sides  of  the  line.  The  cone  of  sodium  vapor  in 
the  Buusen  flame  acts  as  a  prism  with  its  refracting  edge  horizontal 
and  turned  upward.  If  glowing  sodium  vapor  give  dispersion,  this 
cone  should  give,  with  horizontal  rays  passing  throngh  it,  a  vertical 
spectrum,  and  if  the  rays  have  also  passed  through  a  glass  prism  with 
a  horizontal  refracting  angle,  a  spectram  of  the  form  above  described 
should  be  obtained.  From  the  position  the  refractive  index  of  the 
vapor  is  greatest  for  those  rays  which  are  most  deflected  downward. 
The  refractive  index  increases  as  the  band  is  approached  from  the  red 
side,  is  less  on  the  green  side,  and  then  rapidly  increases  again. — {Nature, 
xxU,  302,  July,  1880.) 

Schuster  has  given  an  accoant  of  the  spectra  of  ligbtniog  observed 
by  him  in  Colorado  daring  the  summer  of  1878.  He  used  a  direct -vision 
spectroscojie  fdmished  with  a  slit  capable  of  micrometrio  movement. 
A  bright  line  in  the  focal  plane  sen'ed  as  a  reference  mark.  The  ob- 
servations were  limited  to  the  yellow  and  the  green  regions  from  wave- 
lengths 5000  to  5800.  In  making  a  measurement,  the  slit  was  dis- 
placed until  the  line  to  be  measured  was  coincident  with  the  reference 
bne.  The  next  morning  its  position  wiis  determined  by  reference  to  the 
solar  spectrum.  A  continuoas  spectrum  was  seen  many  times.  Bright 
uitrogen  lines  were  often  seen,  those  of  wave  lengths  5002  and  6681 
especially.  Three  bands  of  wave-lengths,  5692,  5334,  5182,  were  noted, 
and  a  fourth  about  6260.  Of  these,  5182  belongs  to  nitrogen,  and  5592 
and  5260  are  characteristic  of  the  oxygen  discharge  at  the  negative 
electrode.  The  band  5331  is  the  most  brilliant  of  the  two  green  bands 
of  the  spectaTim  of  oxygen  taken  at  a  low  temperature. — {Fhil.  Mag., 
V,  vii,  316, 1879;  J.  Pkyg.,  viii,  275,  August,  1879.) 

Russell  and  Lapraik  have  discovered  that  many  liquids,  ordinarily  as- 
sumed to  be  colorless,  give  absorption  bands  when  light  passes  through 
them  on  its  way  to  the  spectroscope.  The  phenomenon  was  first  noticed 
with  alcohol;  and  then  it  was  perceived  that  water  contained  in  a  tube 
6  feet  long  gave  a  very  distinct  absorption  band  in  the  orange,  corre- 
sponding very  closely  with  Piazzi  Smyth's  rain  band  and  with  the  band, 
seen  by  Janssen  in  330  feet  of  steam,  No  variations  in  this  band  were 
observed  by  varying  the  source  of  supply,  the  temperature,  or  the  sub- 
stances held  in  solution.  Other  colorless  liquids  also  gave  bands.  Am- 
monia gave  four  bands;  ethylamine  aJso  four,  hut  different  in  character; 
hydrogen  peroxide,  one;  ethyl  alcohol,  one;  amyl  alcohol  one;  aldehyde 
and  acetic  acid,  each,  one;  benzene  and  toluene,  three  each;  aniline  and 
toluidine,  each,  three;  turpentine,  two.    These  results  are  regarded  as 
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prelinimary,  and  Tdll  have  farther  iuvestigation. — {Wature,  zzii,  368, 
August,  1880.) 

Bood  has  compared  the  color  of  the  spectram  to  which  Kewton  gave 
the  name  "indigo'^  with  the  actual  color  of  indigo  itself,  and  finds  it  to  he 
a  representative  of  an  enUrely  different  region  of  the  spectram.  He 
shows:  Ist,  that  the  color  of  indigo  is  really  a  greenish  blue  when  it  is 
used  aa  a  pigment  or  in  solution;  2d,  that  the  color  of  the  dry  cake  ie 
not  only  very  hlacb,  hut  is  variable  according  to  the  mode  in  which  it 
is  handled.  Ho  concludes,  therefore,  that,  taking  all  this  into  considera- 
tion, it'wonld  appear  desirable  to  allow  the  term  "indigo"  to&ll  into  dis- 
nse,  and  toBnbstitateforit"Tiltramarine,''the  color  of  the  artificial  variety 
being  intended.— (Am.  J.  Sci.,  Ill,  lix,  135,  Febmaiy,  1880.) 

Lord  Bayleigh  showed  to  the  Physical  Society  of  London  a  cnrious 
experiment  in  color  combination,  by  mixing  a  bine  solution  of  litmns 
with  a  red  solution  of  potassium  dichromate,  and  thereby  producing  a 
yellow^  solution.  In  a  similar  way,  a  colorless  liqnid  may  be  obtained 
from  a  green  solution  of  cuprous  chloride  in  water  and  a  red  solution  of 
rosaniline  acetate  in  amyl  alcohol.  When  both  we  placed  in  a  bottle, 
the  crimson  solution  floats  on  the-green  solution;  but  on  agitating ^liem, 
both  colors  disappear,  the  mixture  becoming  grayish-white. — {Nature, 
xxii,  133,  June,  1880.) 

Bood  has  presented  to  the  National  Academy  a  paper  on  memory  for 
color  and  luminosity,  in  which  he  gives  the  results  of  some  interesting 
experiments  made  to  test  the  prevailing  notion  that  we  do  not  retain 
for  ten  seconds  an  exact  memory  of  a  given  shade  or  tint.  The  appara- 
tus used  consisted  of  two  disks  so  arranged  that  either  could  be  made 
to  overlap  the  other  in  aay  required  proportion.  Ihese  disks  were  of 
difi^rent  colors,  which  blended  into  a  given  tint  when  they  were  rapidly 
revolved,  a  tint  the  percentage  of  whose  components  was  known.  Sup- 
pose in  one  case  this  was  43  parts  of  yellow  and  67  of  red.  After  look- 
ing at  the  revolving  disk,  an  assistant  disarranged  the  two  and  then 
proceeded  to  reproduce  the  tint,  Bood  himself  deciding  when  it  was 
reached.  The  reproduced  color  had  42.6  per  cent,  of  yellow — a  mean  of 
many  trials,  when  the  time  of  the  entire  experiment  was  not  over  a 
minute.  The  error  here  was  not  over  one-half  of  one  per  cent.  When 
an  hour  elapsed,  the  error  was  2.2  per  cent..  Twenty -four  hours  after- 
ward the  error  in  reproducing  the  color  was  4.6  per  cent.  The  same 
experiments  tried  by  the  assistant  gave  equally  good  results,  as  did  also 
similar  experiments  tried  with  other  color  mixtnres. — [2f^ature,  xxi,  114, 
December,  1879.) 

3.  Interference  and  Polarisation, 

Gnebhard  has  devised  a  simple  method  of  prodncing  the  phenomena 

of  Kewton's  rings  in  a  permanent  form.    While  the  rings  obtained  are 

due  lo  interference  and  give  the  colors  of  thin  plates,  they  differ  from 

Kewton's  rings  proper  in  having  the  phenomena  inverted,  the  greatest 
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tiiickness  of  the  film  being  at  the  penter.  To  produce  the  rings  a  little 
collodion  is  dropped  on  a  snrface  of  mercury.  It  is  drawn  out  on  all 
sides  into  a  thin  iridescent  film,  which  when  hard  may  be  floated  oflf  on 
'  to  paper.  Mastic  Tarnish  on  the  snrfUce  of  water  gives  similar  films. 
Drops  of  volatile  mineral  oil  on  mercury,  or  even  the  film  of  moiatnre 
condensed  from  the  breath,  give  rings  which  of  course  are  transient. 
A.t  a  meeting  of  the  Physical  Society  of  Paris,  Gaebhaid  prcgeoted  these 
films  on  the  screen ;  and  showed  that  even  the  films  condensed  from  the 
breath  may  exhibit  phoneidoscopio  properties.  The  various  vowels 
being  pronounced  so  that  the  breath  impinges  on  the  snr&ce  of  the 
cooled  mercury,  rings  are  obtained  having  certain  forma  more  or  leaa 
strongly  characteristic  of  their  different  qualities  of  tone. — {Ifature,  xri, 
242,  January,  1880.) 

Micbelson  has  communicated  to  the  'Sew  York  Academy  of  Sciences 
some  interesting  observations  upon  the  diffiraction  and  polarization 
effects  produced  by  passing  light  through  a  narrow  slit  If  a  flue  ad- 
justable slit  be  narrowed  down  very  greatly,  the  colored  diffraction 
fringes  widen  out  until  when  the  width  of  the  idit  is  reduced  to  less  than 
one  fiftieth  of  a  millimeter  the  central  space  only  is  seen,  and  appears 
of  a  faint  bluish  tint.  Moreover  the  light  so  transmitted  exhibits  traces 
of  polarization  when  regarded  thiou^  a  yicol  prism.  As  the  slit  is 
narrowed,  tJie  depth  of  the  tint  and  the  aQionut  of  polarization  increase, 
until  when  the  opening  is  only  one-thousandth  of  a  millimeter  the  color 
becomes  of  a  deep  violet  and  the  light  is  completely  polarized.  Slits  of 
obsidian  give  the  beat  results,  becausf^finer  edges  can  be  worked  on  it. 
The  plane  of  polarization  is  at  right  angles  to  the  length  of  the  slit.— 
{Ifature,  xxii,  133,  June,  1880.) 

Grova  has  published  a  note  on  the  two  forms  of  polarizing  prisms, 
those  of  yicol  and  of  Foacaalt.  In  the  former  the  two  halves  ore 
cemented  by  Canada  balsam;  in  the  latter  they  are  separated  by  a  layer 
of  air.  In  both  cases  the  bases  areoblic|ne  to  the  axis  of  the  prism  and 
t^is  occasions  a  considerable  loss  of  light  both  at  entrance  and  emer- 
gence; to  which,  in  the  Foncaolt  prism,  must  be  added  that  lost  by  the 
internal  reflections.  Both  Hoffmann  and  Duboscq  constructed  Foncault 
prisms  with  faces  nonual  to  the  axis,  but  the  loss  of  light  internally  re- 
mained. Prazmowski  has  made  a  polarizing  prism  whiiih  is  Uke  a  Nicol, 
except  that  the  halves  are  cemented  with  linseed  oil,  the  faces  being 
normal.  More  spar  is  required  and  the  mauufaotnreis  long  and  difBcnlt. 
Almost  no  loss  of  light,  however,  takes  place  internally,  the  index  of  the 
oil  being  1.185,  vefy  near  to  the  extraordinary  index  of  spar,  1.483. 
The  field  is  increased  to  31°,  against  21^^  in  the  Nicol  and  8°  in  the 
Foncault.  For  photometric  purposes  especially,  Crova  regards  this 
new  prism  of  great  advantage. — {J.  Phya.,  ix,  152,  May,  1880.) 

Oovi  has  illustrated  the  laws  of  circular  polarization  by  an  exceed- 
ingly beautiful  projection  experiment,  founded  on  the  well-known  fact 
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of  polarized  light  contains  one  or  more  dark  bands,  corresponding  to 
the  colors  extingaislied  by  the  interfetenee.  If  the  depolarizing  plate 
be  of  qoartz,  the  bands  are  moved  along  the  spectnim  to  the  right  or 
left  by  rotatiug  the  analyzer.  Govi's  device  consists  in  rotating  the 
analyzer  and  the  direct-vision  prism  together  at  the  same  velocity.  A 
obcolar  spectrnm  u  thns  produced,  red  at  the  center  and  violet  on  the 
edges,  or  the  reverse.  As  the  dark  quartz  band  moves  along  the  sx>ec- 
tzTtm  by  an  arnoont  proportional  to  the  rotation  angle,  interference  will 
take  place  along  this  circular  spectrnm  along  points  which  form,  geomet- 
rically, a  spiral  of  Archimedes,  which  persistence  of  vision  makes  per- 
manent. Thicker  qnartz  gives  two,  three,  or  more  interlacing  spirals, 
forming  a,  very  striking  optical  experiment. — (Nature,  xxii,  595,  October, 
1880.) 

■  Klocke  has  discovered  that  in  it«  action  on  pohuized  light,  hyposul- 
phite of  lead  is  anomalods.  It  ordinarily  poltmzes  drcnlarly,  bnt  when 
plates  cut  perpendicularly  to  the  optic  axis,  are  viewed  in  a  parallel  beam 
of  polarized  light  they  appear  nneqnally  bright,  being  divided  by  dark 
bands  into  six  sectors,  opposite  pairs  of  which  are  equally  bright.  Even 
in  convergent  light  the  nsaal  ring  system  of  oniaxial  crystals  is  not 
seen,  bat  in  each  sector  there  appears  a  figure  characteristic  of  biaxial 
crystals,  the  plane  of  the  optic  axes  being  perpendicular  to  the  neighbor- 
ing edge  of  the  crystal.  It  wonld  thus  appear  that  the  six  portiwis  are 
compressed  equally,  each  in  a  direction  perpendicular  to  the  neighboring 
face  of  the  prism. — {Nature,  xxiii,  209,  December,  1880.) 

Becqaerel  has  published  a  memoir  on  the  poIariziLtion  of  the  sky. 
He  finds  that,  contrary  to  the  general  opinion,  the  plane  of  polarization 
for  a  given  point  does  not  generally  pass  through  the  snn,  but  that  the 
angle  which  this  plane  makes  with  the  plane  of  the  sun  (a  plane  pass- 
ing through  the  point,  the  snn,  and  the  eye  of  the  observer)  varies  &om 
minute  to  minute  so  that  the  plane  of  polarization  passes  a  little  below 
the  sun,  between  it  and  the  horizon.  If  the  point  be  in  the  northern  or 
southern  sky  this  angle  is  very  small  in  the  morning,  increases  to  a  max- 
imum from  nine  to  ten  o'clock,  disappears  at  noon,  increases  again  to  a 
maximum  about  2  or  3  p.  m.,  again  diminishing  and  becoming  zero  as 
the  sun  sets.  If  the  point  be  east  or  west,  coincidence  of  the  two  planes 
is  not  seen,  thoogh  a  minimum  is  observed  about  noon.  At  morning 
and  evening  the  angle  attains  maxima,  reaching  even  6^.  From  these 
phenomena  the  appearance  is  as  if  the  plane  of  polarization  suffered  a- 
direct  rotation,  viewed  by  an  observer  whose  head  waa  toward  the  north 
and  his  feet  towfud  the  south.  Since  in  a  region  perpendicolar  to  the 
dipping  needle,  the  rotation  is  sensibly  zero,  the  author  believes  that  it 
is  due  to  the  influence  of  the  earth's  magnetism — an.opinion  strengthened 
by  the  fact  that  he  has  just  measured  the  amount  of  rotation  of  a  polar- 
jzed-light  ray  traversing  a  layer  of  carbon  disulphide,  under  the  influ- 
6Dce  of  the  earth's  magnetism — (Ann.  Ckim,  Pkys.,  V,  xix,  90,  January, 
1880;  J.  Phys.,  ix,  51,  Febmary,  1880.) 
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Eerr  has  extended  his  electro-optical  Tesearehea,  and  by  the  aid  of  new 
and  improved  apparatiis  has  cooflnued  his  early  conclnsions.  The  ap- 
paratns  intdades  a  paraffin-oU  lamp ;  a  Nicol  vith  Ita  principal  section 
inclined  45'^  to  the  horizon ;  a  cell  for  the  liquid  bo  arranged  that  the 
line  of  jonctaon  of  the  electrodes  is  horizontal ;  a  system  of  compensat- 
ing glass  plates  vrbioh  can  be  snbmitted  to  a  vertical  traction  by  meaos 
of  known  weights ;  a  ueatralizing  plate  of  glass  of  irregnlar  stractnre, 
to  compensate  the  doable  refraction  of  tiie  cell ;  a  hand-compensator ; 
a  v^ttcal  strip  of  glass  which  can  be  flexed  by  the  hand  parallel  to  t^e 
axis  of  the  lominoos  bundle,  designed  to  determine  the  direction  of  the 
doable  re&actioa  prodnced  in  the  liqoid ;  and  an  uialyzlng  Niool  in-  . 
clined  at  19°  to  the  hortson  and  90°  to  the  principal  section  of  the  p<dar- 
izer.  When  adjusted  the  light  is  completely  eztingoished  and  can  be 
restored  by  the  hand-compensator.  The  electric  machine  is  tlien  pat 
into  action.  With  carbon  disnlphide  a  fraction  of  a  torn  soffices  to  re- 
turn the  light,  which  instantly  disappears  again  on  discharging  the  oon- 
dnctor.  The  compensator  shows  a  uniaxial  double  re&acrion  like  that 
of  glass  submitted  to  traction  parallel  to  the  lines  of  force.  With  nitro- 
benzene the  light  reappears  only  on  drawing  a  spark  from  the  second 
electrode.  In  a  subseqnent  paper,  Kerr  formally  enunciates  the  fol- 
lowing law :  "  The  intensity  of  electro-optic  action  of  a  given  dielectric 
(or  the  difference  of  letardatsons  of  the  ordinary  and  extraordinary  rays) 
per  unit  of  thickness  of  the  dielectric  varies  dirocUy  as  the  square  of 
the  resnltant  electric  force."  On  the  question  of  stress  he  says :  "The 
dioptric  action  of  an  electrically  charged  medium  is  closely  related  to 
the  electric  stress  of  the  medium,  the  axis  of  double  re&action  coindd- 
ing  in  every  case  with  the  line  of  electric  tension  and  the  doable  re&ac- 
tion  varying,  cttiainly  in  OSi,  and  probably  in  all  other  dielectrics 
directly  and  simply  as  the  intensity  of  the  tension."— ^PAtL  Mag,  V.,  viii, 
85, 1879 ;  ix,  157, 1880 ;  J.  Phys.,  viii,  414 ;  ix,  265, 1880.) 

ELEOIBIOIIY. 

1.  Magnetism, 

Can^  has  introduced  into  Paris  the  manofaoture  of  magnets  of  su- 
perioi  quality  made  of  east  iron.  His  process  is  as  follows ;  A  soft  and 
very  ffightty  carburetted  metal  is  melted  in  earthen  crucibles,  and  just 
betbremmning  it  into  the  moulds  10  or  15  per  cent,  of  steel  filings  are 
added.  In  order  to  produce  a  metal  which  will  stand  tempering  at  a 
chftEry-red  heat,  there  is  added  either  1  to  1.6  per  cent,  of  nickel,  with 
0.25  per  cent,  of  copper,  or  2  per  cent,  of  tin  and  0.6  per  cent,  of  copper. 
—{Sature,  xxi,  369,  February,  1880.) 

Obalski  .has  described  to  the  Academy  a  very  neat  magnetic  experi- 
ment. Two  magnetio  needles  are  hung  verticfdly  by  fine  threads,  tiieir 
unlike  poles  being  opposite  one  another.  Below  them  is  a  vessel  con- 
taining waten  its  snrfoce  not  quite  tonching  the  needlea,  wfaicb  are 
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himg  so  &r  apart  as  not  to  move  toward  one  another.  If  the  l&vel  of 
the  water  be  now  quietly  raiBed  by  letting  a  further  quantity  flow  in 
from  below,  aa  soon  as  the  water  covers  the  lower  ends  of  the  needles 
they  begin  to  approach,  and  when  they  are  nearly  immersed  they  rush 
togetho?.  The  effect  appears  to  be  due  to  the  fact  that  when  the  grav- 
itation force  downward  is  partly  counteracted  by  the  upward  hydro- 
static force  due  to  immerBion,  the  magnetic  force  is  able  to  assert  itself, 
being  greater. — (¥ature,  xxii,  133,  June,  1880.) 

Mayer  has  contrived  an  ingenioas  magnetic  experiment  to  illustrate 
molecular  groupings  and  molecular  actions.  Sewing  needles  are  mag- 
netized all  in  the  same  direction.  They  are  then  pushed  ttirough  small 
pieces  of  cork  up  to  tiiie  eya  On  placing  them  in  water  they  float  ver- 
tically, with  the  point  downward.  Since  the  similar  poles  are  upward, 
tiiey  repel  each  other.  These  needles  represent  molecules ;  their  mag- 
netism the  repulsive  force.  To  obtain  an  attractive  force,  a  bar  magnet 
is  held  Tertically  over  the  water,  so  that  the  pole  of  contrary  name  to  the 
tops  of  the  needles  shall  be  downward.  The  needles  are  atti-acted  and 
approach  each  other,  producing  groupings  which  depend  on  the  number 
of  the  needles,  their  initial  position,  and  the  impulses  given.  Twenty- 
three  of  these  groupings  are  represented  in  the  paper,  the  most  com- 
plex figures  being  formed  of  twenty  needles;  though  the  author  has 
formed  much  more  complex  ones,  more  than  fifty  needles  having  been 
gionped  in  one  of  his  figures.  The  author  employs  these  groupings  to 
illustrate  many  of  the  laws  of  both  molecular  and  atomic  arrangement. 
When  projected  by  means  of  a  vertical  lantern  they  are  very  striking. 
— (Am.  J.  Sci.,  Ill,  XV,  276;  xvi,  247;  J.  Phys.,  viii,  32,  January,  1879.) 

Barker  has  communicated  to  the  N'ational  Academy  the  results  of  some 
experiments  made  to  test  the  alleged  incorrectness  of  Arago's  explana- 
tion of  the  magnetism  of  a  wire  through  whioh  a  current  is  passing,  i.  e,, 
that  the  wire  is  itself  magnetic.  Bache  had  explained  the  result  by 
supposing  the  iron  filings,  held  by  the  wire  in  Arago's  experiment,  be- 
came themselves  magnets  under  the  influence  of  the  current,  and  so 
became  attached  to  each  other  rather  than  to  the  wire.  In  proof  of  this 
he  says  that  if  a  card  be  scraped  along  on  the  top  of  the  wire  the  ring 
of  filings  is  broken  and  the  whole  mass  falls.  Barker  used  in  his 
experiments  a  quantity  magneto-machine  made  by  Wallace,  the  current 
from  which  was  capable  of  heating  three  feet  of  quarter-inch  gas  pipe 
to  bright  redness  in  a  minute.  When  this  current  was  passed  through 
a  copper  wire,  a  5-inch  iron  spike  held  close  under  the  wire  was  mai^- 
ediy  attracted  by  it;  and  when  placed  in  contact  with  the  lower  side  of 
the  wire,  adhered  readily  magnetically,  placing  itself  with  its  axis  per- 
pendicular to  that  of  the  wire.  This  result  was  the  same  when  the  con- 
ducting wire  was  red  hot.  In  a  second  experiment  the  wire  passed 
through  a  hole  in  a  large  sheet  of  glass.  When.this  glass  was  sprinkled 
with  iron  filings  concentric  magnetic  curves,  complete  and  partial,  were 
fbrmed  ronnd  the  wire  for  a  distance  of  20  inches.    These  experiments 
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seemed  conclosive  that  the  copper  wire  really  was  itself  a  magnet  in 
this  case. — {STature,  xsi,  145,  December,  1879.) 

Lemstr&m  has  described  to  the  Physical  Society  of  St.  Fetersborg 
an  oxperiment  of  great  apparent  signiAcance.  He  QuAb  that  a  ring  of 
.  insulating  material,  when  rotating  about  its  asis  of  symmetry  with  a 
high  velocity,  acts  like  a  galvanic  oircnit  and  produces  a  magnetic  field 
in  the  space  within  it.  He  explains  it  by  snpposing  that  the  ether  in  the 
insnlator,  being  dragged  along  by.the  ring,  produces  vortical  motion  of 
the  ether  in  the  central  space,  which  vortical  motion  be  conceives  to  be 
the  essential  condition  of  a  magnetic  field.  On  this  experiment  the 
author  founds  his  theory  of  terrestrial  magnetism.  Since  rotating  an 
iron  bar  within  an  insulating  medium  ought  to  magnetize  th6  bar,  the 
eaith  being  a  magnetic  body  rotating  in  an  insulating  medinm  ought  to 
be  magnetized  by  its  rotation. — {Ifature,  xxii,  89,  May,  1880.) 

Piazzoli  has  studied  the  influence  of  magnetism  on  the  tenacity  of 
iron.  Wires  were  hnng  between  two  hooks  and  rnptored  by  pouring 
water  into  a  vessel  suspended  from  them.  These  wires  were  35""^  long, 
and  were  inclosed  in  a  helix  of  four  layers  of  wire.  The  current 
was  made  to  traverse  these  layers  all  in  one  direction,  or  two  in  one 
direction  and  two  in  the  opposite,  the  effect  of  heating  being  thus  elimi- 
nated. The  wires  annealed  in  charcoal  broke  at  12t!0  to  1306  with,  and 
1213  to  1270  without  magnetization.  Wires  annealed  in  carbonoua  oxide 
1732.4  to  1742.7  with,  and  1703.62  to  1719.87  without  the  current 
Those  annealed  in  hydrogen,  1289.5  to  1310.1  with,  and  126.}  to  1299.7 
without  the  magnetism.  The  values  are  about  from  1  to  3  per  cent. 
greater  for  the  magnetized  than  for  the  unmagnetized  wires,  showing 
that  the  tenacity  of  iron  increases  on  magnetization. — {Nature,  xxii,  89, 
May,  1889.) 

Bighi  has  sought  to  harmonize  the  discordant  results  as  to  the  changes 
in  the  length  of  Iron  bars  when  magnetized.  By  means  of  a  mirror 
method  which  magnified  the  elongation  8,000  times,  he  ascertained  tha 
(1)  magnetism  produces  an  increase  in  iron  and  steel  in  the  dimensioii 
of  the  direction  of  magnetization ;  (2)  a  part  of  this  increase  remains 
after  the  current  ceases,  being  more  or  less  according  to  the  coercive 
force;  (3)  when  the  current  is  not  very  strong,  the  elongations  are  pro- 
portional to  the  square  of  the  current  strength ;  (4)  after  a  strong  current 
has  been  sent  through  the  spiral,  a  weak  current  sent  in  the  opposite 
direction  produces  a  shorteuiug,  though  the  bar,  even  when  demagnetized 
by  it,  remaius  longer  than  normal }  (B)  during  reversal  oi  polarity  the 
length  becomes  momentarily  less,  the  effect  being  oscillatory;  (6)  a  bar 
shortens  at  the  instant  of  closing  the  circuit,  when  the  cnrrent  traverses  it 
directly;  (7)  it  elongates  on  opening,  but  by  a  less  amount;  (8)  on  rever- 
sal, the  bar  elongates  and  oscillates;  (9)  the  contraction  is  greater  if 
the  bar  has  been  longitudinally  magnetized  previously ;  and  (10)  some 
bars  show  a  tendency  to  take  spiral  magnetization,  i.  &,  to  rotate  the 
magnetic  axes  of  their  molecules  in  the  direction  of  the  turns  of  the 
h«]iY._(Jfa<Mre,  xxii,  543,  October,  1880.)  , ,,  -    ;,L.OOQIc 
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Becquerel  has  published  an  extended  memoir  on  the  magnetio  propy 
erties  of  nickel  and  cobalt  compared  with  those  of  iron,  nsiog  the  oscil- 
lation method,  the  differential  method,  and  the  electromagnetic-balance 
method,  for  comparison,  conflning  himself  to  the  magnetism  developed 
by  induction,  and  not  the  magnetism  which  remains  permanent.  The 
author's  most  important  conclosiou  is  that  for  very  feeble  intensities, 
under  conditions  very  far  from  saturatloD,  or  with  substances  in  which 
the  magnetic  particles  are  BofBcieDt};  removed,  so  as  not  to  react  the 
one  up<m  the  other,  the  effects  developed  in  the  molecoles  of  nickel  and 
of  iron  at  the  ordinary  temperature  appear  to  lie  very  near  each  other. — 
{Ann.  Chim.  Phys.,  V,  xvi,  227,  February,  1879.) 

Hodges  has  contrived  a  new  instrument  for  determining  the  inclination 
of  the  needle,  founded  on  the  finct  that  the  magnetic  polarity  of  a  bar 
of  soft  iron  is  greatest  when  the  bar  lies  in  the  line  of  the  dip.  In  place 
of  a  single  bar,  however,  the  author  uses  two,  joined  to  each  other  at 
right  angles.  When  the  two  branches  make  e<iaal  angles  with  the  llAe 
of  dip,  the  ends  next  the  junction  are  of  opi>osite  polarity ;  and  if  similar, 
will  neutralize  one  another  so  that  a  needle  suspended  near  them  will 
remain  unaffected.  The  results  on  trial  were  very  accordant  under  dif- 
ferent conditions. — {Am.  J.  Set.,  Ill,  ivii,  145,  February,  1879.)" 

Bowland  and  Jacques  have  determined  the  diamagnetic  contents  of, 
bismuth  and  calc-spar  in  absolute  measure,  the  former  contributing  the 
theory,  and  the  latter  making  the  measurements.  These  latter  consisted 
of  two :  lat,  the  determination  in  absolute  measure  of  the  magnetic 
potential  of  the  field  used;  and,  2d,  Hie  determination  of  the  time  of 
vibration  and  the  other  constants  of  the  little  bars  of  the  substances  when 
suspended  in  this  field.  The  diamagnetic  constant  of  bismuth  along  the 
axis  was  found  to  be  —.000000012354 ;  and  for  calc-spar  —.000000037930, 
in  absolute  measure. — {Am.  J.  iScL,  III,  xviii,  360,  November,  1879.) 

2.  Electromotors. 

Hoorweg  has  investigated  the  conditions  of  the  production  of  elec- 
tricity in  the  voltaic  cell,  and  has  advanced  a  thermic  theory  of  its  origin. 
The  following  are  his  conclusions :  1st.  Wherever  two  conductors  are  in  _ 
contact,  the  heat  movement  has  the  production  of  electricity  as  a  conse- 
quence; hence  a  constant  electric  difference  exists  between  the  bodies. 
2d.  Whenever  the  sum  of  the  differences  of  potential  existing  in  a  cir- 
cuitis  different  from  zero,  a  permanent  current  is  produced.  3d.  This  cur- 
reutabsorbs  beat  at  certain  of  thepointsofcontactand evolves  itatothers. 
4th.  All  voltaic  currents  are  thermo-currents.  6th.  All  chemical  actions 
in  the  cell  and  in  apparatus  for  electrolytic  decomposition  are  a  conse- 
quence of  the  passage  of  the  current. — {Ann,  Pkys.  Ckem.,  II,  ix,  552, 1880 ; 
J.  P%«.,  ix,  352,  October,  1880.) 

Yarenne  has  studied  the  phenomenon  of  the  passivity  of  iron  in  nitric 
acid  as  when  employed  as  the  positive  plate  of  a  Grove  battery  or  the 
jMwitive  electrode  of  a  voltameter  cell  containing  nitric  acid.    He  con- 
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cladea  that  this  pecnliar  effect  is  due  to  a  film  of  nitrogen  dioxide  which 
collects  apon  the  snrface  of  the  iron  and  protects  it  from  fhrther  chemi- 
cal action.  This  film,  he  asserts,  is  apparent  when  the  sori^ce  of  the 
iron  is  examined  under  the  microscope.  If  a  coirent  of  carbon  dioxide 
or  of  hydrogen  gas  is  passed  through  the  liquid  the  passiTity  ceases  and 
the  iron  is  dissolved.  Moreover,  on  placing  the  Iron  plate  in  vcteuo 
nitrogen  dioxide  is  evolved  fixim  iii. — {Nature,  xxi,  117,  December,  1879.) 

Pellat  has  examined  the  standard  cell  proposed  by  Latimer  Clark, 
and  finds  that  it  is  not  entirely  &ee  &om  variations  in  its  electromotive 
force.  According  to  his  observations  two  of  these  cells  may  differ  from 
eadi  other  by  a  qoantity  eqnal  to  the  one-hundredth  of  the  electromotive 
force  of  a  Daniell  cell.  The  method  employed  vas  to  couple  np  the  two 
cells  in  opposition  to  one  another,  and  ttien  by  means  of  an  electrometer 
to  measnre  the  residual  difference  of  potential. — {Na^re,  xxi,  117,  De- 
cember, 1879.) 

Debrnn  has  constructed  an  ingenious  capillary  electromotor,  based 
on  the  theorem  established  by  Lippmann,  that  if  a  mercury  sniibce  be 
deformed  by  mechanical  means  there  is  produced  an  evolution  of  elec- 
tricity which  tends  to  arrest  the  motion  of  the  mercury.  Through  a 
capillary  tube  mercury  is  caused  to  run  drop  by  drop,  acidulated  water 
being  iutrodnced,  by  means  of  a  reservoir  at  the  top,  between  each  glob- 
ule. Wires  are  connected  with  the  masses  of  mercury  at  the  upper  and 
lower  ends  of  the  tube,  and  a  current  is  observed  to  flow  on  closing 
these  in  the  direction  in  which  the  globules  move.  The  tube  actually 
used  was  2.5">"  in  diameter  at  top  and  l"™  at  bottom,  S0<™  long,  con- 
taining not  less  than  20  nor  more  than  35  globules.  The  electromotive 
fbrce  under  these  circumstances  is  1.4  volts,  so  that  with  Wollaston's 
points  it  can  decompose  water.  The  energy,  however,  is  not  very  great, 
since  it  is  produced  by  the  fall  of  only  two  kilograms  of  mercury  per 
hour  through  only  25™.  In  allowing  the  mercury  to  run  for  twenty-  ' 
four  hours  sufficient  current  was  developed  to  silver  strongly  a  five- 
centime  piece.  The  internal  resistance  of  a  column  of  acidulated  water 
loun  in  diameter  and  30™  long  being  so  considerable,  a  high-resistance 
■  galvanometer  should  be  used  to  test  the  currents  produced  by  this  in- 
strument.— {J.  Pkya.,  ix,  28,  January,  1880.) 

Barrett  has  communicated  to  the  Physical  Society  of  London  the  fiict 
that  the  motion  of  a  chalk  cylinder  under  a  metallic  surface  generates 
an  electric  current,  having  an  electromotive  force  of  rather  over  one- 
third  of  a  volt.  The  strength  of  the  current  depends  on  the  rapidity  of 
the  rotation  and  the  pressure  on  the  chalk  surface ;  the  latter  only 
diminishing  the  very  high  internal  resistance.  The  discovery,  he  says, 
resulted  from  a  suggestion  made  to  him  four  or  five  months  before,  to 
try  whether  Edison's  motograph  telephone  receiver  could  be  used  as  a 
transmitter.  Then  his  experiments  were  not  successful,  hut  now  he 
finds  that  the  voice  is  &intly  but  accurately  transmitted  on  speaking 
into  the  receiver  while  the  chalk  is  made  to  rotate.    But  Edison  had 
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bimself  pnblislied  the  same  taot  in  the  Seientifie  American  ooe  or  two  years 
before,  ^nd  had  given  a  figure  of  several  of  these  chalk  cylinders  con- 
nected in  series  for  the  ptiipose  of  prodactng  a  current  of  high  poten- 
tial.—(ifti*«re,  xxi,  417,  Maitsh,  1880.) 

Bly^  has  commonlcated  to  the  Boyal  Society  of  Edinburgh  the  gen- 
eral fiict  that  electric  onrrents  are  produced  by  the  mere  friction  between 
condncting  snbstances.  Since  for  all  pairs  of  metals  yet  tried  these 
corrents  are  in  the  same  direction  as  the  thermo-cnrrent  prodaoed  by 
heating  the  junction  of  the  same  two  metals,  the  author  thinks  that  they 
may  have  in  part  a  thermo-electric  origin ;  but  another  part  may  be  due 
to  the  currents  suggested  by  Sir  William  Thomson  as  the  cause  of  fric- 
tion, and  still  a  third  part  to  the  force  of  contact  between  films  of  air  or 
oxide  on  the  surfaces.  One  of  the  motors  constructed  consists  of  a 
cylinder  of  antimony  arranged  so  as  to  be  rapidly  rotated,  and  a  plate 
of  bismuth  which  is  pressed  hard  against  it  by  a  spring,  Wben  included' 
in  the  circuit  with  a  microphone  and  a  Bell  telephone,  the  current  from 
it  is  quite  sufficient  to  serve  for  the  transmission  of  musical  sounds  and 
loud  speaking.  By  nsing  a  cylinder  of  bismuth  on  which  a  bent  sew- 
ing needle  presses  as  it  rotates,  a  very  good  receiver  is  also  produced. 
The  author  ascribes  the  result  to  a  heat  change,  analogoos  somewhat  to 
that  observed  in  the  Trevelyan  rocker. — {S'ature,  xrii,  330,  Augnst, 
18S0.) 

Herand  hqp  proposed  a  new  voltaic  cell,  the  negative  plate  of  wMeh 
is  zinc  immersed  in  a  concentrated  solution  of  ammonium  chloride,  while 
the  positive  consists  of  a  plate  of  carbon  surrounded  by  fragments  of 
carbon  mixed  with  about  an  equal  weight  of  mercurous  chloride  (calo- 
mel) in  powder.  In  action  the  mercurous  chloride  loses  chlorine,  and  is 
reduced  to  metallic  mercury;  the  zinc  acts  on  the  anmiooiam  chloride, 
producing  zinc  chloride  and  ammonia;  and  the  ammonia  water  and 
chlorine  unite  again  to  reproduce  the.ammoniam  chloride.  It  is  claimed 
that  this  battery  does  not  polarize,  and  can  be  used  on  a  closed  circuit. 
Itselectromotiveforceisnotfarfrom  thatof  aDaniellcell. — {Ann.  Chtm. 
Phys.,  V,  xvii,  512,  August,  1879.) 

Kiandet  has  constructed  a  voltaic  ceU,  the  plates  of  which  are  also 
zinc  and  carbon;  bat  the  former  is  immersed  in  a  solution  of  common 
salt  and  the  carbon  in  a  porous  cup  containing  commercial  chloride  of 
lime  (a  mixture  of  chloride,  oxide,  and  hypochlorite  of  calcium).  Under 
the  action  of  the  polarizing  hydrogen,  the  hypochlorite  is  decomposed 
into  hydrochloric  acid,  which  forms  calcium  chloride  with  the  lime  pres- 
ent, and  water ;  so  that  the  salts  produced  by  the  battery  when  in  action 
are  zinc  chloride  aid  calcium  chloride.  Since  both  are  extremely  solu- 
ble, the  liquid  preserves  its  limpidity,  and  no  insoluble  salt  is  formed. 
The  electromotive  force  of  this  battery  is  1.6  volte.  It  polarizes  only 
Then  closed  on  short  circuit,  frtim  which  it  recovers  rapidly.  Its  chief 
merit  is  that,  like  the  Leclanoh^  cell,  the  zinc  is  not  acted  on  until  the 
<arcuit  is  closed.  To  prevent  escape  of  odors,  the  opening  in  the  porous 
cell  is  closed  with  a  waxed  cork. — (J.  Phys,,  Lx,  18,  January,  1880.) 
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Ifiaiidet  has  given  Em  filnstrated  doBCiiptioa  of  the  ^oe  thermopiles 
constmcted  by  Hanck,  of  Yienna,  and  exhibited  in  Paris.  The  eLements 
used  are  German  silver,  employed  in  the  form  of  wire,  foor  from  eaeh 
jimction,  and  an  antimony  alloy  cast  in  a  monld.  Each  pair  has  an 
electromotive  force  eqntd  to  0.1  DaoieU  cell,  for  a  t^nperatnre  at  whit^ 
the  ends  are  below  redness.  It  resistance  is  0.1  of  a  Siemens  nnit  per 
element— (</.  Phys.,  \m,  230,  July,  1879.) 

B'Arsouval  has  suggested  an  improveinent  in  Planters  seoondary 
batteries,  which,  as  is  well  known,  consist  of  two  sheets  of  lead  im- 
mersed in  dilute  sulphuric  acid.  The  action  is  limited  at  the  cathode 
by  the  hydrogen  bubbles  -which  form  there,  and  at  the  anode  by  the 
low  conductivitiy  of  the  lead  peroxide  film  which  forms  over  its  surface. 
The  first  of  these  dlfflcolties  d'Arsonval  obviates  by  electrolyzing  a 
salt  of  zinc  instead  of  a  dilute  add.  The  second  be  avoids  by  increas- 
ing the  surl^ice  of  the  anode,  employing  for  this  purpose  shot  heaped 
about  a  carbon  plate.  The  liquid  employed  is  a  strong  solution,  of  zino 
sulphate.  While  charging,  zinc  Ls  deposited  upon  the  surface  of  a  lead 
plate,  or,  better,  upon  a  &ee  surface  of  mercury  amalgam,  sutphnrio  add 
being  produced  at  the  same  time.  Its  electromotive  force  is  claimed  to 
be  2.1  volta.~{Jra(«»-e,  xxi,  409,  February,  1880.) 

Breguet  has  published  a  memoir  upon  the  tbeory  of  ibe  G-ramme 
maohiue,  and  on  the  cause  of  the  dissymetric  position  of  its  brushes. 
The  following  are  his  conclusions :  Ist.  The  theory  of  the  Gramme  and 
von  Alteneck  machines  is  directly  connected  with  that  of  Barlow'e  wheel 
and  Faraday's  machine,  and  these  latter  machines  rest  on  the  first 
principle  established  by  Ampere,  i.  e.,  a  movable  current  tends  to  plac« 
itself  in  such  a  position  that  the  observer  who  personifies  it  sees  the 
south  pole  on  his  left  and  the  north  pole  on  his  right  hand.  2d.  The 
soft  iron  amiature  of  the  von  Altenech  machine  serves  only  to  te-en- 
force  the  magnetic  field  in  the  region  where  the  wires  of  the  movable 
circuit  revolve.  3d.  The  annular  armature  of  soft  iron  of  the  Gramme 
machine  has  the  same  influence  as  the  preceding  armature,  bat  this  is 
not  its  characteristic  function.  This  function  consists  in  shielding  the 
internal  wires  of  the  bobbin  spires 'from  the  normal  action  of  the  lines 
offeree  of  the  field.  1th.  The  angular  displacement  of  the  brushes  of 
the  preceding  maohinea  cannot  be  attributed  to  the  retardation  of  the  de- 
magnetization of  the  Bofb  iron  ring  alone,  since  this  displacement  still 
exists  and  may  even  become  still  more  considerable  in  those  forms  de- 
rived from  these  machines  where  there  is  no  soft  iron  armature. — {Ann. 
Chim.  Phys.,  V,  xvi,  6,  January,  1879.) 

,  3.  Mech-ieal  measurements. 

FeUat  has  devised  a  method  for  measuring  electromotive  force  which 
may  be  applied  to  a  battery  or  may  be  used  to  determine  the  difference 
of  potential  between  two  metals  in  contact.  The  prlndple  consists  in 
opposing  to  the  cell  to  be  measured  an  electromotive  force  variable  at 
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will  continuonBly  and  lay  amoaots  exactly  known  by  a  simple  readiiig, 
nutjl  the  compensation  is  exact.  The  instruiaeut  resembles  that  of  Da 
Bois  £eymond,  bat  it  uses  a  capillary  electrometer  in  place  of  a  galva- 
nometer, and  thus,  while  more  delicate  and  more  rapid,  polarization  is 
completely  avoided.  Moreover,  the  sensitiven^B  of  (iie  method  is  inde- 
pendent of  the  resistance  of  the  cell,  batteries  of  10,000,000  ohms  resist- 
ance being  measnred  with  ease.  For  weak  electromotive  forces,  the 
delicacy  is  one  ten-thoosandth  of  a  Daniell  cell ;  for  stronger  ones,  to  one 
two-thousandth  of  a  Latimer-Glark  cell.  The  applications  of  the  method 
to  determine  the  contact-potential  are  very  ingenious.— {J.  Phys.,ix,145, 
May,  1880.) 

Debmn  has  made  a  useful  modification  of  Lippnuum's  capillary  elec- 
trometer. In  the  original  instrumeat,  in  a  tube  a  millimeter  in  diameter, 
the  mercury  level  (dianged  only  3"™  for  a  difference  of  iK)tential  of  one 
volt,  and  to  measure  small  fractions  Li^pmann  used  a  microscope.  In 
the  new  instrument  this  delicacy  is  secured  by  making  the  tube  inclined 
to  the  vertical,  the  effect  increasing  with  the  angle.  A  glass  tnbe 
7°^  in  diameter  is  drawn  out  so  as  to  give  a  capillary  tnbe  slightly  con- 
ical, and  a  good  millimeter  in  diameter  and  20°'°  long.  This  is  bent  into 
a  Z'form,  the  tonnecting  portion  being  placed  horizontally,  but  fastened 
to  a  movable  board,  so  that  its  inclination  may  be  adjusted.  The  ends 
of  the  tube  open  into  reservoirs.  It  is  filled  with  mercnry  and  acid- 
ulated water,  as  usual,  the  end  of  the  mercury  column  being  adjusted  to 
pccupy  three-quarters  of  the  horizontal  part.  Electrical  connections  are 
made  with  the  mercury  in  each  of  the  reservoirs.  The  calibration  is 
•effected  by  osing  a  battery  of  known  potential,  increasing  the  cells. — {J. 
JPhys.,  ix,  160,  May,  1880.) 

Kiemoller  has  found  the  telephone  capable  of  determining  very  quickly 
and  accurately  the  resistance  of  liquids.  It  is  substituted  for  the  gal- 
vanometer in  a  Wheatston^s  bridge,  and  an  induction  current  is  used. 
If  the  resistances  to  be  compared  are  a  large  liquid  resistance  and  a 
Siemens  resistance  box,  so  that  the  electrodynamic  constants  are  very 
small ;  and  if  also  a  German-silver  or  platinum  wire  be  used  as  measnr- 
ing  wire,  it  is  found  that  in  the  position  where  the  galvanometer  shows 
no  deflection,  the  tone  in  the  telephone  has  a  well-marked  minimum  of 
intensity.  In  a  liquid  resistance  of  2,000  units  a  variation  of  even  four 
units  may  be  detected  readily. — [Nature,  xsi,  309,  January,  1880.) 

Trowbridge  has  studied  the  conditions  which  cause  the  ticking  of  the 
tame-clock  of  Harvard  College  Observatory,  transmitted  electrically  by 
wire  from  Cambridge  to  Boston,  to  be  heard  on  all  the  telephone  cir- 
cuits in  the  neighborhood  of  the  line.  He  shows  from  theoretical  con- 
siderations that  the  usual  explanation  of  induction  between  the  wires 
ia  erroneous,  and  that  the  effects  observed  on  telephonic  circuits,  which 
have  usually  been  attributed  to  induction,  are  really  due  to  the  eariii 
connections  and  to  imperfect  insulation.  As- the  resnlt,  then,  is  due  to 
the  fiict  that  the  wires  on  which  the  sound  is  heard  obtain  their  current 
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by  tapping  the  gronnd  at  places  of  different  potential,  the  anthor  made 
experiments  to  determine  the  eqaipotential  snr&ces  formed  bj  the 
ground  of  the  time  signal-service.  By  nrnniog  a  wire  500  or  600  feet, 
placing  its  terminals  in  moiat  earth,  and  iDolnding  a  telephone  in  the 
circoit,  the  ticking  of  the  dock  could  be  readily  heard  in  a  field  an 
eighth  of  a  mile  distant  from  the  observatory ;  and  at  one  point  a  mile 
distant  the  tioking  was  heard  with  only  50  feet  of  wire.  Behind  the 
observatory  no  resnlt  was  had,  thongh  at  no  point  were  earth  cnrrenta 
absent.  " TheoretacaUy,"  the  aatbor  concludes,  "it  is  possible  to-d^ 
to  telegraph  across  the  Atlantic  Ocean  witiioat  a  cable  " ;  "  practically 
the  ozpenditore  of  energy  on  the  dynamo-electric  engines  would  seem 
to  be  enonnons." — {Am.  J.  8ci.,  HI,  xx,  138,  August,  1880.) 

Hill  has  devised  an  electro-dj-namometerfor  use  especially  with  strong 
cnrrents,  which  in  general  is  similar  to  Trowbridge's  instrument,  bat 
differs  from  it  in  the  manner  of  determinuig  the  deflective  power  of  the 
current.  To  the  snspended  coil  a  pointer-rod  is  attached,  on  opposite 
sides  of  which  silk  threads  are  fastened,  which  lead  over  pulleys  on  the 
side  bars  to  smalt  pans,  one  on  each  side  of  the  instrument.  When  the 
deflection  has  taken  place  weights  are  added  to  the  pan  on  the  opposite 
side  until  the  point«r-rod  retnms  to  zero.  In  the  installment  as  con- 
structed a  current  of  20  webers  required  about  half  a  gram  weight,  and 
one  of  100  webers  a  weight  of  13.2  grams.  The  instrument  works  well 
and  gives  uniform  results. — (Am.  J.  Set.,  xix,  10,  January,  1880.) 

Hughes  has  devised  an  apparatus,  which  he  calls  an  induction  balance, 
for  comparing  induced  currents.  It  consists  (1)  of  a  l)attery  of  three 
Daniell  cells,  the  current  of  which  traverses  a  microphone  with  an  at- 
tached clock  for  producing  the  sonnds;  (2)  of  the  balance  proper;  (3)  of 
an  electric  sonometer ;  and  (4)  of  a  receiving  telephone.  The  balance 
itself  is  formed  of  four  equal  coils,  a  decimeter  in  height,  5.5°^  external 
diameter,  with  a  space  of  3"°  internally,  each  covered  with  100  meters  of 
"So.  32  covered  copper  wire.  The  four  coils  form  two  groups  placed  be- 
yond each  other's  influence.  At  each  end,  therefore,  there  are  two 
coils,  one  inducing,  the  other  receiving  the  induction,  placed  end  to 
end,  and  about  5°"°  apart.  The  electric  sonometer  is  formed  of  two  sim- 
ilar inducing  bobbins  fixed  at  the  ends  of  a  horizontal  rule  40™  long, 
divided  into  millimeters.  Along  this  rule  moves  a  receiving  coil.  The 
electric  current  from  the  microphone  reaches  a  commutator  which  directs 
it  into  the  balance  or  into  the  Bouomet«r,  where  it  traverses  the  induc- 
ing coils.  The  telephone  circuit  passes  through  the  receiving  coils,  flrst 
the  two  on  the  balance,  in  opposite  directions,  and  then  that  on  the 
souQmeter.  So  sonnd  is  heard  in  the  telephone  if  the  receiving  coil  in 
the  latter  case  be  equidistant  from  the  inducing  ones.  No  sound  is  heard 
in  the  balance  coils  if  they  are  empty ;  hut  if  a  fragment  of  metal  be 
placed  between  them,  a  sound  is  heard  louder  according  to  the  character 
of  the  metal  The  current  is  passed  alternately  into  the  balance  and 
the  sonometer,  and  the  coil  of  the  latter  is  displaced  until,  the  sounds 
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have  the  same  intensity  in  each.  The  action  of  the  metal  is  then  indi- 
cated on  the  graduatioD  of  the  sonometer. — {PkU.  Mag.,  Y,  viil,  50,  551, 
654, 1879 ;  ix,  123, 1880 ;  J.  Fhys.,  viii,  353, 1879 ;  ix,  376, 389, 393,  ISSOj 
Ann.  Okim.  Phy».,  V,  six,  561,  April,  1880.) 

4.  BUctric  «parfc  and  light. 

Spottiswoode  has  experimented  on  the  ose  of  the  alternating  cnrrent 
of  a  De  Meritens  magneto-dectrio  machine  for  exciting  the  Induction 
coil.  He  used  a  coil  {pving  a  60""  apark,  the  reversald  being  1,300  per 
minnte;  no  iDterrapter  was  therefore  needed.  Under  these  conditions 
sparks  were  obtained  only  18<"°  long,  but  they  were  as  thick  as  an  or- 
dinary pencil.  They  showed  a  brilliant  point  at  each  extremity  of  a 
tongne  of  yellow  flame.  "When  the  cnrrent  passed  fteely  no  spark 
proper  appeared;  but  by  blowing  on  one  side,  brilliant  sparks  may  be 
made  to  pass.— (PA<iI.  Mag.,  Y,  vlii,  390 ;  J.  Pkgs.,  ix,  37, 1880;  Nature, 
xxi,  433,.Maroh,  1880.) 

Farmer  has  called  attention  to  the  fa«t,  as  a  contribntion  to  the  his- 
tory of  electric  lighting  by  incandescence,  that  in  Jnly,  1859,  his  house 
in  Salem  was  lighted  every  evening  by  a  subdivided  electric  light.  A 
galvanic  battery  of  three  dozen  six-gallon  jars  in  the  cellar  fhmished 
the  electric  current.  On  the  mantel  in  the  parlor  were  two  electric 
lamps,  either  of  which  could  be  lighted  at  pleasure  or  both  at  once  by 
simply  turning  a  little  button.  The  light  was  soft,  mild,  agreeable  to 
the  eye,  and  more  deUghtfnl  to  read  or  sew  by  than  any  light  ever  seen 
before.  It  was  discontiDued  on  account  of  the  expense.  On  the  cost  of 
electric  light  as  compared  with  gas  Farmer  says :  "  On  the  average  one 
pound  of  illuminating  gas  will,  if  bnmed  in  an  hour  in  five  different 
burners,  give  fifteen  candle  lights  to  each  burner,  or  seventy-five  cau- 
dle lights  in  all.  One  pound  of  iUnminating  gas  possesses  a  sufficient 
store  of  energy  to  enable  it  to  give  out  by  combustion  from  18,000  to 
21,000  units  of  heat,  or  the  eqoivalent  of  from  13,000,000  to  16,000,000 
foot-ponnds  of  work.  This,  if  burned  in  an  hour,  would  average  &om 
200,000  to  260,000  nnits  of  work  per  minute,  or  say  from  3,000  to  3,500 
foot-ponnds  per  minute  per  candle  light.  Kow  a  very  large  electric 
light,  say  ten  thousand  candles,  does  not  consame  more  than  16  or 
20  foot-ponnds  of  energy  per  minute  per  candle  light.  So  it  might  not 
seem  very  extravagant  to  expect  that  one  pound  of  gas  per  hour  coold 
be  bnmed  in  a  suitable  furnace  under  a  proper  boiler,  and  steam  be  taken 
from  this  boiler  to  a  steam-engine,  and  this  engine  drive  a  magneto- 
electric  machine  which  should  supply  electricity  to  five  electric  lamps 
that  woold  shed  forth  more  light  than  could  be  given  by  five  of  tha best 
gas  lamps  known,  each  lamp  consuming  at  Qie  rate  of  one-fifth  of  a 
pound  of  the  best  illuminating  gas  per  hour." — (Am.  J.  Sd.,  in,  xvii, 
66,  January,  1879.) 

Jamin  has  constructed  a  modification  of  the  Jablochkoff  candle,  in 
which  he  has  made  use  of  the  electrodynamic  action  of  a  coil  of  wire  to 
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keep  the  arc  steady  and  pointing  In  one  direction.  The  two  carbons  are 
parallel  but  inverted,  banging  with  their  points  downward.  They  have 
no  insulating  material  between  them.  Sarronnding  these,  and  in  their 
own  plane,  is  a  Sat  coil  of  wire  through  which  the  main  current  circn- 
lates.  The  trials  with  this  lamp  in  Paris  are  said  to  have  been  succew- 
faL— (Nature,  xxii,  355,  Angust,  1880.) 

Eeynier  has  proposed  an  inc^idesceht  light  in  whidi  the  point  of  a 
thin  stick  of  carbon  pre  sses  against  a  fixed  carbon  contact,  while  on  it 
laterally,  a  short  dietance  above,  a  third  piece  of  carbon  makes  contact. 
The  ourrent  enters  by  this  lateral  carbon  and  traverses  the  carbon  pen- 
(nitaits  pointed  end,  passing  thence  to  the  solid  carbon  support.  Hie 
pencil  becomes  thus  incandescent,  emitting  most  light  at  its  point.  Its 
photometric  value  varies  from  five  to  twenty  carcel  bnmers,  according 
to  the  CTxrrent.— (J.  Phya.,  viii,  400,  December,  1879.) 

Siemens  has  presented  to  the  Society  of  Telegraph  Engineers  a  paper 
on  recent  applications  of  the  dynamo-ciirrent  to  metallargy,  horticoltnre, 
and  the  transmission  of  power.  By  means  of  an  electric  fomace  made 
of  a  black-lead  cmcible,  the  iraeitive  carbon  entering  through  the  bottom 
and  the  negative  throngh  the  cover,  st«el  had  readily  been  melted. 
Using  a  moderate-sized  dynamo-machine,  consuming  fonr  horse-powers 
and  producing  36  webers  of  current — eqnal  to  a  6,000  candle  light— he 
raises  a  crucible  20"°  deep  to  a  white  heat  in  less  than  half  an  hour,  aad 
a  kilogram  of  steel  is  fiised  in  it  in  another  half  hour.  This  fiimaee 
utilizes  one-third  of  the  horse- power  actually  expended ;  and  as  the  effi- 
ciency of  the  engine  Is  one-fifth,  that  of  the  electric  fbmaee  is  ^x^s-^ 
As  it  takes  theoretically  450  heat  unit«  to  melt  a  poand  of  8t«el,  the  fur- 
nace would  require 450x15=6750  heatunitsto  be  expended,  oraboat 
the  energy  of  a  pound  of  coal.  A  ton  of  steel  as  ordinarily  melted  In  an 
airfamace  requires  2^  to  3  tons  of  coke ;  in  a  regenerative  furnace  about 
a  ton.  The  electric  furnace  is  ecooomically  superior  to  the  air  fumaoe 
and  nearly  equal  to  the  regenerative  furnace.  When  the  paper  was  read, 
a  pound  of  broken  flies  was  melted  in  a  cold  crucible,  by  means  of  a  ear- 
rent  of  72  webers,  in  fifteen  minates,  aad  cast  in  a  mould.  With  refer- 
ence to  the  action  of  light  on  plauts,  the  interesting  experiments  made 
by  him  in  this  direction  were  detailed,  and  an  account  given  of  the  ex- 
periments now  in  progress  to  produce  flowers  and  fruits  without  solar 
aid.  Under  the  third  bead  of  bis  paper,  Siemens  described  his  brother's 
electric  railway  in  Berliu,  and  its  numerous  applications. — (Nature,  sxH, 
136,  June,  1880.) 

Edison  has  finally  determined  upon  the  use  of  carbon  filaments  in  hiB 
incandescent  lamps.  These  filaments  are  constnicted  by  cutting  with 
a  snitable  punch,  Irom  a  piece  of  Bristol  board,  a  strip  in  the  fo^  of  a 
miniature  horseshoe,  about  two  inches  in  length  and  one-sixteenth  of 
an  inch  iu  width.  These  are  laid  in  a  wrought-iron  mould,  separated 
from  each  other  by  tissue  paper,  and  heated  first  by  a  gas  fiame  and 
then  in  a  furnace  to  a  white  heat    After  cooling,  the  charred  fiber  is 
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sealed  in  a  globe,  vhich  is  then  exhaiiBted  to  one-millionth  of  an  atmos- 
phere. SabBeqnently,  in  experimenting  with  varions  fibers,  Edison  came 
to  the  conclDsion  that  a  natnral  fiber  was  more  dnrable  than  an  artificial 
one,  and  that  Japanese  bamboo  fiimisbed  the  bestL  The  lamps  which 
are  now  made  on  the  large  scale  are  constructed  with  these  fibers. 

Bowland  and  Barker  have  made  a  series  of  measnremeDts  to  test  the 
effldeocf  of  Edison's  lamp.  They  compared  the  loss  of  energy  in  the 
lamp,  aameasored  in  the  calorimeter,  with  the  amouutofhght  emitted, 
measnred  on  the  photometer.  The  lamps  used  were  five  in  nnmber, 
fonr  of  them  having  carbons  made  from  paper,  and  one  a  oatural  fiber 
carbon.  The  comparisons  were  made  by  having  two  lamps  in  circtdt, 
one  being  in  the  calorimeter  and  the  other  on  the  photometer  in  the  first 
experiment,  and  their  positions  being  reversed  in  the  second.  No.  201, 
which  gave  a  mean  of  10.1  candles  on  the  photometer,  gave  3486  foot- 
pounds of  energy  in  the  calorimeter;  No.  580,  which  gave  13.1  mean 
candle  lights,  evolved  3640  foot-pounds.  Bat  when  TSo.  201  was  made 
to  give  28.9  candles,  its  energy  was  only  increased  to  4808  foot-poands ; 
and  So.  580,  which  gave  33.6  candles,  evolved  only  6181  foot-ponnds ; 
the  cost  of  doubling  the  light  being  one-half  more  energy  only.  Ho. 
809  gave  14.3  candles,  and  used  3330  footpounds;  No.  850  gave  9.2 
candles,  and  consumed  2483  foot-ponnds.  No.  817,  the  fiber  lamp,  gave 
17.2  candles  for  a  consumption  of  2708  foot-ponnds  of  energy.  The 
mean  of  the  first  two  is  109  candles  per  horse-power  of  current ;  of  the 
second  two,  204.3  candles;  of  the  third  two,  133.4;  and  of  the  fourth, 
209.6.  Or,  in  the  first,  6.8  gas  jets  of  16  candles,  id  the  second  12,8,  in 
the  third  8,3,  and  in  the  fourth  13.1  gas  jets  would  be  yielded  by  each 
horsepower  of  cnrrent.  From  the  efSciency  of  Edison's  machine,  the 
authors  think  that  the  yield  per  Indicated  horsepower  of  the  engine 
would  not  be  fer  from  70  per  cent,  of  these  values. — {Am.  J.  8ci.,  Ill, 
six,  337,  April,  1880.) 

Brackett  and  Young  have  also  made  measurements  on  Edison's  lamp, 
in  addition  to  others  upon  his  Far<idic  machine.  Comparison  of  the 
Edison  dynamometer  with  the  Prony  brake  showed  that  the  latter  reg- 
istered 93.2  per  cent,  of  the  power  transmitted  by  the  former.  In  their 
flrst  experiment,  the  power  expended  was  measured  by  the  dynamometer 
and  the  current  by  the  copper  voltameter.  The  total  efficiency  was 
fonnd  to  be  82.3  per  cent.,  and  the  available  efBciency  78.7  per  cent.  In 
the  second  trial  the  energy  produced  was  measured  by  the  calorimeter, 
and  the  total  efficiency  was  found  to  be  84. 6  per  cent.,  the  available,  78.2 
per  cent.  A  third  test  gave  84.5  total,  and  78.2  available  efficiency.  But 
one  lamp  was  tested,  No.  853,  the  carbon  of  which  was  from  paper. 
The  mean  illumination  was  10.1  candles ;  the  resistance,  hot,  99.6  ohms; 
the  difference  of  potential,  74.33  volts ;  hence  the  current  strength  was 
0.76  wel>er,  and  the  lamp  was  consuming  0.075  horse-power.  This  gives 
137  candles  per  horse-power  of  current,  or  107  candles  per  horse-power 
at  the  dynamometer;  a  near  correspondence  with  the  preceding  re- 
Bults.— ( J.m.  J.  8d.,  Ill,  xix,  476,  Jane,  1880.)         ■  j       ^X-OOglc 
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*  Morton,  Mayer,  and  Thomas  have  pnblished  resolts  of  measnTements 
of  Edison's  lamp  Ko.  154.  The  resistance  of  the  lamp  vben  cold  was 
123  ohms;  when  giving  1.9  candles,  82  ohms;  and  when  giving  18  can- 
dles, 75  ohms.  The  corrent  strength  was  measnred  on  a  tangent  galva- 
nometer, the  constant  of  which  was  determined  on  a  copper  voltameter. 
When  the  lamp  was  giving  0.07  of  a  candle,  it  was  consuming  0.146 
weber  of  current,  equivalent  to  0.021  horse-power.  When  it  gave  14 
candles,  the  cnrrent  was  increased  to  only  1.079  webers,  equivalent  to 
0.116  horse-power.  This  latter  result  gives  120  candles  to  the  horse- 
power of  current,  or,  assnming  60  per  cent,  ef^ciency  in  the  machine, 
72  candles  per  effective  horse-power. — {Ann.  Ohim.  Phys.,  V,  xx,  276, 
June,  1880.) 

Swan  has  continued  his  expmtnents  on  incandescent  lighting,  begun, 
as  he  claims,  as  long  ago  as  1860.  He  oses  carbon  ^laments  made  from 
parchment  paper,  3  inches  long,  0.01  inch  in  diameter,  weighing  ^^  grain, 
sealed  in  exhausted  globes.  One  of  these  has  burned  oontinnously  fbi 
titiree  months. — {Nature,  xziii,  104,  Veoember,  1880.) 
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CHEMICAL  PHYSICS. 

Angus  Smith  has  anggested  a  new  eerieB  of  elemental  molecules,  the 
relatiTe  weights  of  which  are  produced  by  stinaring  the  atomic  weights 
and  dividing  by  the  eqaivalence.  This  idea  was  reached  in  the  course 
of  his  investigations  into  the  absorption  of  gases  by  charcoal,  in  which 
it  appeared  that  the  gases  were  absorbed  la  perfectly  definite  volumes. 
Thus,  eight  volomes  of  oxygen  are  absorbed  for  one  of  hydrogen ;  bnt  as 
the  former  is  16  times  as  heavy,  the  weights  absorbed  are  as  1^8  :  1. 
But  this  is  ^(16)';  i.  e.,  half  the  square  of  the  density,  or  half  the  square 
of  the  atomic  weight,  or  half  the  product  of  the  two.  Of  nitrogen  4.66 
volumes  m^  absorbed,  or  14  X  4.66  by  weight,  65.3;  this  number  is  i(14)'. 
Of  compound  gaaes  the  law  is  different.  Carbonous  ©side  is  absorbed 
to  the  extent  of  6  volumes,  carbon  dioxide  6+16=22  volumes,  marsh  gas 
6+4=10  volumes,  nitrogen  monoxide  8+4,66=12.66  volumes.  Hence 
the  new  molecular  weight  of  COj  is  simply  22*,  &c. — [Nature,  xix,  354, 
February,  1879.) 

Thomsen  has  studied  the  relation  between  the  total  energy  developed 
in  the  chemical  reactions  which  occur  in  various  Unds  of  voltaic  bat- 
teries and  the  energy  which  appears  in  the  form  of  current  electricity. 
Hensed  a  thermal  method  of  measuring  the  total  energy,  and  found  that 
the  whole  of  the  energy  developed  in  tlie  chemical  change  appeared  as 
electric  energy  in  Daniell's  battery  on  closed  circuit,  and  also  in  the 
other  forms  of  battery  in  which  the  metallic  surface  of  the  negative  elec- 
trode is  not  changed  by  the  electrolytic  process.  When  nitric  acid  is, 
used  as  the  electrolyte  the  same  total  conversion  of  energy  takes  place, 
bnt  the  gradnal  absorption  by  the  liquid  of  reduction  products  dimin- 
ishes the  Teanit.— {Nature,  xxiii,  207,  December,  1880.) 

Heeehus  bas  made  a  series  of  experiments  upon  the  change  in  vol- 
nme  and  elastidty  undergone  by  palladium  when  it  occludes  hydrogen. 
Wires  500"°  long  and  0.4™"  diameter  were  stretched  iu  a  tnbe  of  glass 
placed  vertically  and  filled  with  diluted  sulphuric  acid,  and  made  the 
cathode.  By  a  cathetometer  the  elongation  was  directly  measured 
daring  the  absorption.  The  pnre  palladium  wire  elongatetl  5"",  while 
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wires  of  alloys  with  25  per  cent,  of  silver,  platinum,  and  gold,  elongated 
11.7"",  6.14™",  and  0.9"™  respectively.  With  six  bichromate  cells  the 
action  was  complete  in  an  hoar.  After  removing  the  battery  the  short- 
ening took  place  in  the  same  order,  thongh  leas  rapidly;  being  for  the 
palladium  wire  only  2.6""°  in  24  hours.  The  law  of  these  variations  was 
automatically  recorded.  The  coefi&cient  of  elasticity  of  palladium  pure 
fell  from  15540  to  14000;  and  that  of  the  sdver  alloy  from  15240  to 
12500.— (J".  Phya.,  ix,  365,  October,  1880.) 

Eerthelot  h^  quoted  Pictet's  experiments  on  the  liquefaction  of  oxy- 
gen and  hydrogen  gases  as  illustrating  his  thermochemical  views.  The 
oxygen  was  prepared  by  heating  potassium  chlorate.  Now,  the  reac- 
tion K  CI  Oj^K  CI  +  O3  according  to  Eerthelot  evolves  11  calories. 
Hence,  being  exothermic  and  not  limited  by  its  inverse,  it  is  not  arrested 
by  a  pressure  of  320  atmospheres.  The  hydrogen  w^s  prepared  by  the 
action  of  potassium  hydrate  upon  the  formate.  Since  K  CHO2  +  K  O 
H  =  K8  COo  4-  Hj  evolves  18.4  calories,  this  action  is  also  exothermic 
and  not  limited  by  an  inversereaclion.  Hence,  the  gas  should  be  evolved, 
as  Pictet  found  it  to  be,  at  over  600  atmospheres.  Exothermic  reactions 
continue,  then,  whatever  the  pressure. — (Ann.  Chim.  Phys.,  V,  xv,  149, 
October,  1878.) 

Thorpe  has  published  the  results  of  an  extended  research  on  the  re- 
lation between  the  molecular  weights  of  substances  and  their  specific 
gravities  when  in  a  liquid  state.  He  concludes :  (1)  that  many  isomeric 
liquiil^,  even  of  the  same  chemical  type,  have  not  identical  specific  grav- 
ities at  their  boiling  points,  and  hence  not  identical  specific  volumes. 
Since  this  occurs  mainly  in  compounds  of  carbon  and  hydrogen,  the  in- 
ference is  that  the  specific  volume  of  one  or  both  of  these  bodies  is  not 
absolutely  invariable ;  (2)  that  oxygen,  sulphur,  and  nitrogen  have  also 
variable  specific  volumes ;  (3)  that  there  is  no  evidence  that  the  specific 
volume  of  any  other  element  is  variable ;  (4)  that  the  number  of  these 
tatter  atoms  does  not  modify  the  volume,  which  is  independent  of  the 
molecular  complexity ;  (5)  that  the  diff'erent  members  of  a  family  of  ele- 
ments do  not  possess  identical  specific  volumes,  these  volumes  being 
periodicfunctionsof  theatomicwoights;  (C)  that  no  evidence  is  afforded 
that  the  specific  volume  is  modified  by  any  variation  in  the  affinity  value 
of  any  element. — {Nature,  xxii,  262,  July,  1880.) 

Yiolle  has  determined  the  specific  heat  and  melting  point  of  palla- 
dium, iridium,  gold,  and  copper.  For  palladium  the  specific  heat  was 
Iband  to  be,  at  0°,  0.0582 ;  at  500°,  0.0682 ;  at  1000°,  0.0782 ;  at  1300°, 
0.0842.  For  iridium,  at  0°,  0.0317 ;  at  500°,  0.0377 ;  at  1000°,  0.0437,  and 
at  1400O,  0.0485.  Gold  has  a  specific  keat  at  0°  of  0.0324;  at  900°, 
0.0345,  and  at  1020°,  0.0352.  The  fusing  point  of  silver  was  found  to 
be  9540  C,  referred  to  the  air  thermometer;  of  gold,  1035°;  of  copper, 
1054a;  of  palladium,  1500°;  of  platinum,  1775°,  and  of  iridium,  1950°. 
—(J.  Phys.,  ix,  81,  March,  1880.) 

Victor  and  Carl  Meyer,  in  determining  the  vapor  density  of  cblorme 
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by  their  new  method,  the  chlorine  being  produced  by  dropping  platinoas 
chloride  iuto  the  tube  heated  to  1200°,  have  found  that  at  these  high 
temperatarea  this  gas  has  a  density  only  two-thirds  of  that  correspond- 
ing to  the  molecoleCla.  Subsequently  Craftsrepeated  the  determination, 
using  already-prepared  chlorine,  and  found  its  density  to  be  normal;  a 
resolt  confirmed  by  Victor  Meyer,  working  in  conjunction  with  Ziiblin, 
To  reconcile  these  facts  it  seems  to  be  necessary  to  admit  that  while 
free  chlorine  is  stable  at  high  temperatures,  nascent  chlorine  is  not,  but 
undergoes  dissociation  into  products  not  yet  known.  The  results,  how- 
ever, obtained  by  the  German  chemists  with  iodine,  which  showed  the 
same  anomaly,  were  fully  confirmed  by  Crafts.  Its  vapor  has  at  1570° 
two-thirds  of  its  normal  density.  Bromine  is  intermediate,  its  vapor 
density  being  reduced  only  one-fifth  at  high  temperatures,  when  the 
bromiue  was  tcee,  and  one-third  when  it  was  nascent. — {Ber.  Berl.  Ghem. 
Ges.,  xii,  142C,  2066,  2202,  2204,  1879;  xiii,  394,  399,  401,  405,  851, 1050, 
1103,  1880;  C.  B.,  xc,  183,  690;  xci,  54;  Nature,  xxi,  461,  March,  1S80; 
Am.  J.  Sci.,  Ill,  xviii,  222, 1879-) 

Ofii'et  has  revised  the  calculations  of  Piotet  by  which  he  reached  a 
density  of  0.9883  and  0.9787  for  liquefied  oxygen,  and  has  shown  errors 
in  them  by  which  the  density  is  reduced  to  0.8655;  a  result  close  to 
0.8402,  which  the  author  obtains  by  a  different  process  of  computation. 
— {Ann.  Ghim.  Phys.,  V,  sis,  271,  February,  1880.) 

Berthelot  has  published  a  work  in  two  volumes,  entitled  "Essai  de 
m^canique  chimique  fond6e  eur  la  Thermochimie."  One  of  the  laws  it 
establishes  is  the  following:  "Every  chemical  change  effected  without 
the  aid  of  foreign  energy  tends  toward  the  productiou  of  those  bodies  or 
of  that  system  of  bodies  which  evolves  the  most  heat."  Thus  he  shows 
that  for  the  metals  K,  Na,  Ca,  Sr,  Mg,  Mn,  Te"  Zn,  Cd,  Pb,  (Ciij)" 
Hg,"  Ag  and  (Al^)",  less  heat  results  from  the  formation  of  oxides,  thau 
from  the  formation  of  chlorides.  Hence  gaseous  chlorine  should  decom- 
pose these  oxides,  producing  chlorides  and  evolving  oxygen.  This,  in 
fa«t,  actually  takes  place  provided  the  reaction  is  initiated  by  suitably 
raising  the  temperature. — (J.  Phys.,  viii,  402,  December,  1879.) 

IKOEGAHIC. 

Dumas  has  studied  the  property  of  occluding  hydrogen  possessed  by 
certain  metals,  and  finds  that  alnminum  may  occlude  as  much  as  one 
and  a  half  tiroes  its  volume  of  this  gaa,  as  well  as  traces  of  carbon 
dioxide-  These  gases  were  given  out  again  when  the  metal  was  heated 
to  redness  in  an  exhausted  tube.  Magnesium  exhibits  a  similar  be- 
havior; so  that  to  obtain  these  metals  pure,  they  should  be  distilled  t» 
vacuo.  These  observations  may  throw  some  light  on  the  anomalous 
behavior  of  alnminum  when  used  as  an  electrode  in  the  voltameter. — 
{Nature,  xxii,  89,  May,  1880.) 

Morley  has  made  a  series  of  carefUl  analyses  of  air  in  onler  to  ascer- 
tiun  the  limits  of  the  variation  of  the  oxygen  in  a  single  locality.    On 
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Loomis's  theory  that  sudden  depreasioos  of  temperature  are  caused  by 
the  vertical  descent  of  cold  air  firom  the  higher  portions  of  the  atmos- 
phere, the  author  conceived  that  euch  air  might  well  contain  a  smaller 
proportion  of  oxygen  than  the  average.  In  preparation  for  testing  the 
question,  be  has  made  a  number  of  experiments  with  apparatus  specially 
conetructed.  In  proof  of  its  accuracy,  be  states  that  the  probable  error 
of  a  determination  of  oxygeu  in  the  air,  is  the  7200tb  pEirt ;  and  the  prob- 
able diflerence  of  two  determinations  on  the  same  sample  is  the  5200th 
part.  The  tai  analyzed  was  taken  in  the  open  country  during  Decem- 
ber, 1878,  and  Janizary  and  Febniary,  March  and  April,  1879.  The  mini- 
mum of  oxygen  observed  was  found  in  a  sample  taken  on  the  26th  of 
February,  when  it  was  20.46  and  20.50  in  two  experiments.  The  maxi- 
mum occurred  in  air  taken  on  the  28th  of  December,  20.98  and  20.96  in 
two  analyses. — {Am.  J.  8ci.,  Ill,  x\iii,  168,  September,  1879.) 

Boussingaolt  has  investigated  the  production  of  oxygen  &om  barium 
dioxide  under  diminished  pressure,  and  shows  that  in  a  vacuum  this  sub- 
stance parts  with  oxygen  at  a  low  red  heat.  Conversely  at  about  the 
same  temperature,  but  at  ordinary  pressures,  oxygen  is  readily  absorbed 
again  from  the  atmosphere  by  the  lower  oxide.  Barium  oxide  may  be 
successfully  employed,  therefore,  on  the  large  scale  for  obtaining  pure 
oxygen  from  the  atmosphere.  The  difficulty  hitherto  experienced  was 
the  fact  that  at  the  high  temperature  necessary  to  decompose  the  dioxide 
under  ordinary  pressures,  some  molecular  change  took  place  which 
diminished  largely  its  power  of  absorption. — (Ann.  Chim.  Phys.,  V,  xix, 
464,  April,  1880.) 

Hautefeullle  and  Chappuis  have  announced  to  the  French  Academy 
the  liquefaction  of  ozone.  By  the  use  of  a  very  low  temperature  they 
have  succeeded  in  producuig  from  oxygen,  by  the  silent;  electric  discharge, 
a  greater  quantity  of  ozone  than  hitherto,  this  at  — 23°  0.  being  21  per 
cent.  The  ozonized  oxygen  was  conducted  into  the  cool  tabe  of  a  Gail- 
letet/s  apparatus  and  pressure  applied.  After  a  few  strokes  of  the  pump 
the  gas  appeared  azure  blue  in  color,  which  increased  with  the  pressure 
to  dark  indigo  bine.  On  suddenly  expanding  the  gas  under  95  atmos- 
pheres pressure,  a  mist  appeared  in  the  tube,  indicating  liquefaction. — 
(Sature,  xxii,  560,  October,  1880.) 

Ogier  has  succeeded  in  effecting  the  combination  of  hydrogen  chlo- 
ride and  hydrogen  phosphide  gases  by  compressing  them  together  in  a 
Cailletet's  apparatus.  When  equal  volumes  of  these  two  gases  were  com- 
pressed by  a  pressure  of  14  atmospheres  at  14°,  combination  took  place 
and  small  yellow  crystals,  very  brilliant,  appeared  in  Uie  tube.  If  the' 
proportion  had  been  accurately  made  and  the  gases  were  pure,  they 
disappeared  entirely,  the  walls  of  the  tube  being  covered  with  the  crystals 
with  no  trace  of  liquid.  If,  however,  the  upper  part  of  the  tube  be  warmed 
with  hot  water  to  20°,  a  liquid  layer  appears.  If  now  the  tube  be  cooled 
slowly,  maintaining  the  pressure  at  60  to  70  atmospheres,  a  point  is 
reached  when  combination  takes  place  and  crystals  are  formed.    A 
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partial  vacuum  ia  produced  iu  the  tube  and  the  mercury  rises.  The 
liquid  may  also  he  obtaiued  h;  a  sudden  compression  and  the  solid  by 
a  sudden  expansion,  producing  sufficient  cold. — {J.  Phya.,  iz,  386,  Kovem- 
ber,  1880.) 

Moskelyue  has  examined  two  samples  of  material  sa^d  to  be  crystal 
lized  carbon  or  diamond  sand.  The  first  was  sent  him  by  Mactear  of 
Glasgow.  On  testing  it  he  found  [a]  that  it  would  not  scratch  either 
sapphire  or  topaz;  (&)  the  particles  polarized  light;  and  (c)  were  not  com- 
bustible, hence  the  sample  was  not  diamond  duet.  Since  evaporation 
with  hydrofluoric  acid  caused  it  to  disappear,  it  was  probably  a  silicate. 
The  second  sample  came  from  Hannay,  also  of  Glasgow,  and  consisted 
of  small  crystallized  particles,  which  in  luster,  in  lamellar  structare 
on  the  cleavage  surfaces,  and  in  refractive  power,  presented  exactly 
the  appearance  of  fragments  of  a  brolien  diamond.  They  were  inert  in 
polarized  light,  they  easily  scored  deep  grooves  in  sapphire,  and  they 
were  combustible,  burning  away  entirely  on  platinum  foil.  The  angle 
between  the  cleavage  faces  was  70°  29',  that  of  the  diamond  being  70° 
31', 7.  Hannay  has  himself  given  an  account  of  the  production  of  these 
diamonds,  iu  a  paper  read  before  the  Eoyal  Society  by  Professor  Stokes. 
This  result  is  an  outcome  of  his  remarkable  research  on  the  solubility 
of  fiolida  iu  gases.  He  observed  that  when  a  gas  containing  carbon  and 
hydrogen  was  heated  under  pressure  in  presence  of  certain  metals,  its  hy- 
drogen is  ta^en  by  the  metal,  and  its  carbon  is  set  Iree.  If  this  evolution  of 
carbon  takes  place  in  presence  of  a  stable  compound  containing  nitrogen 
at  a  red  heat  and  nnder  a  very  high  pressure,  the  carbon  is  obtained  in 
the  clear  transparent  form  of  the  diamond.  The  specific  gravity  of  the 
crj'stals  is  3.5,  and  they  yield  on  combustion  97.85  per  cent,  of  carbon. 
An  iron  tube  i  inches  in  diameter  and  half  an  inch  bore  was  exhibited 
as  one  of  the  tubes  used  iu  the  experiment.  These  tubes  burst  in  nine 
cases  out  of  tea.— [Wature,  xxi,  203,  260,  404,  4[il,  426, 1879-'80.) 

Cooke  has  made  additional  experiments  in  support  of  his  early  result 
which  fixed  the  atomic  weight  of  antimony  at  120.00;  a  result  obtained 
as  a  mean  of  fifteen  analyses  of  five  different  preparations  of  autimouy 
bromide.  In  the  present  paper  he  discusses  the  causes  of  error  to  which 
bis  previous  method  was  liable,  and  concludes  that  they  arise  from  the 
analytical  process,  and  not  &om  a  want  of  purity  of  material ;  and  fur- 
ther that  they  are  to  agreat  extent  under  control.  He  then  details  the 
results  of  experiments  made  with  the  volumetric  method,  by  precipitat- 
ing a  known  weight  of  antimonous  bromide  by  a  standard  solution  of 
pure  silver.  As  a  mean  of  five  analyses,  the  percentage  of  bromine 
found  was  66.6651,  against  CG.6665  given  by  the  fifteen  previous  anal- 
yses, corresponding  to  an  atomic  weight  of  120.01.  The  silver  bromide 
formed  in  the  last  two  experiments,  on  drying  and  weighing,  gave  two  ad- 
ditimial  determinations— 120.01  and  120.00.— (^m.  J.  Set.,  Ill,  xix,  38^, 
May,  1880.) 
Hompidge  has  given  an  excellent  r&unie  of  the  progress  of  discovery 
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of  new  metallic  elemente,  of  which  fonrteen  have  been  added  to  the  list 
in  abont  two  years,  eleven  of  these  belonging,  it  is  said,  to  the  yttrium 
or  cerinio  group.  The  first  was  Davynin,  a  new  metal  of  the  platinum 
group  announced  in  1877  by  Kern ;  probably  a  ihixtore.  Then  follow 
ytterbium  by  Marignac,  X  by  Soret,  mosandrum  by  Smith,  phillippinm 
and  decipium  by  Delafontaine,  thulium  and  holmium  by  C16ve  and 
Thal^n,  samarium  by  Lecoq  de  Boisbandran,  scandium  by  Nilson,  nor- 
wegium  by  Dahll,  and  vesbinm  by  ScacchL— (J^otwrc,  xxii,  232,  July, 
1880.) 

OBGANIC. 

Thomseo,  in  a  paper  presented  to  the  Berlin  Chemical  Society,  has 
attenipt«d  to  base  a  general  theory  of  the  structure  of  carbon  compounds 
on  thermal  det«rminatioDS.  He  does  this  by  measuring  (indirectly  of 
course)  the  heat  of  dissociation  of  the  carbon  molecule,  and  from  this 
and  other  data  finding  a  thermal  value  for  tbo  combination  of  two  car- 
bon atoms,  to  form  a  gaseous  compound,  by  four  "links,"  by  three,  by 
two,  or  by  one.  He  thence  deduces  a  thermal  value  for  each  link.  Gen- 
eral equations  are  given  for  calculating  the  heals  of  formation  of  various 
isomers,  assuming  a  certain  Knhing  of  the  atoms  for  each.  In  cases 
where  various  linkings  may  be  assumed,  a  determination  of  the  heat  of 
formation  may  determine  which  linking,  and  therefore  which  structural 
tbrmula,  is  the  more  probable. — {Ber.  Bert  Gkem.  Qes.,  xiii,  1388, 1392, 
July,  1880;  liature,  xxii,  542,  October,  1880.) 

Beilstein  and  Kurbatow  have  examined  the  more  volatile  portions  of 
the  petroleum  of  Baku  in  the  Caucasus,  with  a  view  of  comparing  them 
with  the  corresponding  portions  of  American  petroleum.  It  had  been 
observed  that  for  the  same  boiling  point  the  Caucasus  tractions  had  a 
greater  specific  gravity.  Hence  a  distrust  of  these  Caucasus  illuminat- 
ing oils,  until  it  was  shown  that  they  bad  an  illuminating  power  10  per 
cent,  higher  than  the  American.  The  fractions  obtained  by  the  authors 
were:  one  boiling  below  80°,  with  a  gravity  of  0.717;  one  from  80°  to 
35°,  0.73J;  one  from  66°  to  90°,  0.741;  one  from  90^  to  950,  0.745;  one 
Irom  05°  to  100^,  0.748;  and  one  from  100°  to  105°,  0.752.  Below  80^ 
American  petroleum  yields  hexaue  of  gravity  0.C69,  while  hetween  95° 
and  100<3  it  gives  heptane  of  gravity  0.699.  To  ascertain  the  cause  of 
this  difference  the  80°  to  85'^  fraction  was  agitated  with  fuming  sulphuric 
acid  I  but  no  aromatic  hydrocarbons  were  thus  detected.  Since  analysis 
gives  the  formula  C^  Hjn,  the  fraction  was  examined  for  the  oleflnes 
with  bromine;  but  no  action  took  place  in  the  cold.  On  further  study 
it  appeared  that  these  hydrocarbons  belonged  to  a  series  obtained  by 
hex-hydrogenating  the  aromatic  hydrocarbons,  the  first  member  of  which 
is  hexahydrobenzene.  Subsequent  investigation  showed  the  same  series 
to  be  present  in  American  petroleum,  though  in  much  smaller  amount. — 
(Ber.  Berl.  Chem.  Gea.,  xiii,  1818,  2028,  1880.) 

Viucent  and  Delachanal  have  determined  the  density  and  the  expan- 
sion coefKcient  of  methyl  chloride  at  various  temperatures.    For  this 


CUEMISTBT.  295 

purpose  they  used  a  thermometric  reservoir  cootaining  the  liquid,  which 
with  its  stem  was  carefully  calibrated.  The  density  foatid  varied  very 
regularly  from  23°.7,  where  it  was  0.90145,  to  39°,  with  a  value  of 
0.878S6.  The  expansion  coefficient  was  found  to  increase  with  the 
temperatore,  the  ratio  of  the  increase  of  the  volume  from  t  to  t+1  de- 
grees, to  the  volume  at  (,  being  at  — SQO,  0.001310;  at  —0°,  0.001920  ; 
at  40°,  0.002373.— (4»n.  Chim.  Phya.,  V,  xvi,  427, 1879.) 

Friedel  and  Ladenburg  have  continued  their  investigations  upon  or- 
ganic compounds  containing  sUicon  in  place  of  carbon,  aud  have  now 
given  the  results  of  their  study  of  the  silicoethyl  series.  Silicon,  they 
say,  acts  la  a  group  of  carbon  atoms  like  one  of  them,  and  nothing  could 
resemble  a  hydrocarbon  more  i«rfectly  than  do  silicon-ethyl  and  silicon- 
methyL  In  their  present  paper  tfaoy  describe  silicon  hesaiodide  Sin  Ig, 
silico-oxalic  hydrate  Hj  Si}  0„  silicon  hexethyl,  Sii  (0}  Hs)e,  silicon  hexa- 
bromide  Sit  Br^,  and  silicon  hexachloride  Sii  Gl«.  The  latter  has  also 
been  obtained  by  Troost  and  HautefeuiUe. — (Ann.  Chim.  Pkys.,  Y,  xix, 
390,  March,  1880.) 

De  Forcrand  has  studied  the  production  of  new  ultramarines  by  re- 
placing the  sodium  which  is  contained  in  the  ordinary  blue  variety, 
more  or  less  completely  by  other  metals  and  even  by  organic  radicals. 
Uager  had  obtained  a  green  ultramarine  in  which  half  of  the  sodium 
was  replaced  by  silver ;  and  Henmann  another,  yellow  in  color,  in  which 
this  replacement  was  complete.  When  this  latter  body  is  heated  dry  with 
a  metallic  or  organic  chloride,  chloride  of  silver  is  formed  and  also  a  new 
ultramarine.  After  treating  of  the  production  of  the  silver  ultramarine 
and  the  regeneration  (^  the  blue  variety  from  it,  and  of  the  transformation 
of  the  silver  body  into  ultramarines  of  potassium  and  rubidium,  green- 
ish blue,  of  lithium,  blue,  of  barlnm,  yellowish  brown,  of  zinc,  violet,  and 
of  magnesium,  gray,  the  author  proceeds  to  describe  the  formation  ajid 
properties  of  organic  ultramarines.  When  the  silver  compound  is 
heated  with  ethyl  iodide,  a  gray  slightly  reddish  body  is  obtained,  which 
heated  with  sodium  chloride  gives  ethyl  chloride  and  blue  ultramarine. 
It  was  therefore  an  ethyl-ultramarine.  Similar  ultramarines  were  ob- 
tained with  the  radicals  allyl,  amyl,  aud  benzyl,  and  even  with  the 
qnatemary  ammoniums  trietbyl-phenyl-ammonium  and  tetrametbyl-am- 
moninm. — {Ann.  Ckim.  Fhys.,  V,  xvii,  559,  August,  1879.) 

Cooke  has  described  a  double  tartrate  analogous  to  tartar  emetic,  in 
which  the  potassium  is  replaced  by  silver,  and  which  he  calls  therefore 
silver  emetic,  or  argento-antamouious  tartrate.  Although  previously 
observed,  its  properties  have  been  only  incompletely  examined  since  it 
was  in  an  amorphous  condition.  It  is  more  soluble  in  water  than  at 
drst  supposed,  requiring  one  hundred  parts  of  boiling  water  and  less 
than  Hve  hondjed  parta  of  water  at  15°  0.  for  its  solution.  Hence  by 
dissolving  in  boiling  water  and  allowing  the  solution  to  cool,  colorless 
brilliant  crystals  were  obtained  belonging  to  the  orthorhombic  system. 
They  blacken  on  exposure  to  light,  and  decompose  at  200°  with  slight 
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explosion,  leaving  spangles  of  metallic  silver  mixed  with  an  amorphous 
powder  of  antimonona  oxide.  It  contained  26.30  per  cent,  of  silver. — 
{Am.  J.  8ci.,  m,  xix,  393,  May,  1880.) 

Urimanz  and  Adam  have  soeceeded  in  eft^ting  the  synthesis  of  citric 
acid  from  glycerin.  Since  glycerin  is  tri-hydroxyl-propaoe  and  citric 
acid  is  bydroxyl-tri-carboxyl-propane,  the  theoretical  conversion  of  the 
former  into  the  latter  requires  only  the  anhstitntiou  of  three  carboxyls 
for  two  hydroxyls  and  one  hydrogen.  Practically,  this  replacement 
was  effected  in  several  stages:  first,  by  the  action  of  hydrochloric  acid 
on  glycerin,  dichlorliydrin,  or  hydroxyl-dichlor-propane,  was  prodaced. 
By  chromio  acid  this  was  oxidized  to  dichloraoetone  or  oxydichlor- 
propane.  This,  by  the  action  of  concentrated  hydrocyanic  acid,  gave 
dichloracetouecyanhydrin,  or  hydroxyl-cyan-diehlor-propane.  By  sa- 
ponifying with  hydrochloric  acid,  the  corresponding  acid  hydroxyl- 
carboxyl-dichlor- propane  was  obtained.  Tho  sodinm  salt  of  this  was 
-  treated  with  potassium  cyanide,  giving  hydroxyl-carboxyl-dicyan-pro- 
pane.  And  this,  when  saponified  as  before,  gave  hydroxyl-tricarboxyl- 
propane,  or  citric  acid,  identical  in  all  its  properties  with  that  obtained 
from  lemons.  Since  glycerin  can  be  made  from  trichlorhydrin,  which 
may  be  made  by  the  action  of  chlorine  on  propylene,  and  since  propy- 
lene can  be  made  from  marsh  gas  and  carbonons  oxide,  marsh  gas  itself 
being  producible  from  carbon  and  hydrogen,  the  synthesis  is  complete 
&om  the  simple  elements  up  to  citric  acid. — (Nature,  xxii,  585,  October, 
1880.) 

Bosenstiehl  has  given  the  processes  by  which  Baeyer  has  sncceeded 
in  synthesizing  indigotin,  the  coloring  matter  of  indigo.  Two  of  these 
are  described,  in  both  of  which  dnnamic  acid  is  taken  as  the  point  of 
departure.  Onnitration,  this  acid  yields  orthonitro-cinnamiu  acid;  and 
this  is  converted  (a)  into  orthonitro-phenyl-propiolic  acid  by  domi- 
nating and  subsequently  saponifying;  or  (b)  into  orthonitro-phenyl- 
oxyacrylic  acid  by  treatment  with  hypochlorons  acid  and  subsequent 
saponification.  The  action  of  heat  alone  converts  this  latter  acid  into 
indigotin,  a  temi>erature  of  110°  C.  being  sufScient.  But  the  action  is 
complex  and  the  yield  is  small.  Orthonitro-phenyl-propiolic  acid  is  con- 
verted into  indigotin  by  heating  it  with  a  mixture  of  aUtaii  carbonate 
and  glncose,  to  110°  C.  The  action  is  regular,  the  indigotin  separates 
in  the  crystalline  form,  and  the  process  has  the  very  great  commensal 
advantage  that  the  coloring  matter  can  be  developed  directly  on  the 
cloth.  The  mixture  of  the  acid  with  the  alkali  and  glucose  being 
printed  on  the  cloth,  exposure  to  superheated  steam  develops  the  color 
fixed  in  the  fiber.— (Ann.  GUm.  Phys.,  xxi,  286,  October,  1880.) 

Spiller  has  devised  a  simple  means  of  identifying  the  coal-tar  colors, 
founded  on  the  action  of  sulphuric  acid  on  the  dyeing  material  taken  in 
conjunction  with  the  shades  produced  on  and  the  tendency  to  dye  silk, 
wool,  or  cotton.  The  most  striking  reactions  are  as  follows:  Magdala 
red  with  sulphuric  acid  gives  a  blue-black;  safEranin  a  grass-green,  be- 
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comiog  indigo  blue  on  strongly  heating;  chrysoidin  deep  orange,  tam- 
ing almost  to  Bcarlet  on  heating;  alizarin,  ruby-red  or  marooa;  eosin, 
golden-yellow;  primrose  (naphthalene  yellow),  first  yellow  then  color 
discharged;  chrysaniline,  brown  flnoresceuce;  aurin,  yellowish  brown; 
atlas  orange,  rose-color,  changing  to  scarlet  on  heating;  atlas  scarlet,  no 
alteration  j  biebrich  scarlet  (fi),  blue- black;  ditto (B),  bine-green;  aniline 
scarlet,  permanent  golden-yellow;  indolin,  slaty  blue  to  indigo.  All 
violets  give  a  yellow  or  brownish  yellow;  phenyl  and  diphenylamine 
blues  dark  brown  solutions ;  iodine  and  malachite  greens  bright  yellow 
solntioDS,  the  former  giving  off  iodine  on  heating;  and  finally  citronin, 
which  gives  a  pale  cinnamon  color  or  a  neutral  tint. — {S'ature,  xxii,  448, 
September,  1880.) 

Schiitzeuberger  has  given  in  an  elaborate  memoir  the  results  of  his 
investigations  into  the  chemical  character  of  albumen  based  on  the  ob- 
servation that  when  subjected,  under  suitable  conditions,  to  the  action 
of  baryta  water  it  breaks  up  entirely,  or  almost  entirely,  into  definite 
crystallizable  principles.  His  results  show  that  the  mixture  of  fixed 
principles  derived  from  albumen  by  hydration  contains  only  amido-de- 
rivatives,  and  that  these  may  be  divided  into  two  unequal  portions; 
one,  about  16  or  18  per  cent.,  containing  substances  in  which  the  nitro- 
gai  ratio  is  1:3, 1:4  or2:5,  mostly  acids;  and  a  second,  four-fifths  of  the 
residue,  represented  by  the  formula  (CaHjaNiO,)„  the  value  for  «  being 
a  little  less  than  nme.  Albumenis  therefore  probably  an  imido-deriva- 
tive,  which  changes  by  hydration  into  a  mixture  of  amido-deriva- 
tives.— (.Inn.  Chim.  P%«.,  V,  xvi,  289,  March,  1879;  J.  Gkem.  Soc, 
xxxvi,  546,  July,  1879.) 
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MINERALOGY. 


By  Georrb  W.  Hawbs,  Ph,  D., 
Curator  in  the  NatUmal  Museum. 


It  is  nnneceHSary  to  sf^te  that  iu  the  past  two  years  nnmeroiis  con- 
tribations  have  been  made  to  our  knowledge  of  the  coDStituents  of 
the  earth,  for  mineralogical  study  cxoites  interest  upon  so  many  sides, 
and  is  demanded  for  so  many  economic  aa  well  as  scientific  purposes, 
that  the  number  of  workers  in  this  department  is  always  sure  to  be  large. 
Bat  it  is  of  peculiar  interest  to  note  the  number  and  the  character  of  the 
investigations  which  have  been  mnde  in  this  country,  and  the  attention 
which  they  have  excited  at  home  and  abroad.  Iu  loolciug  over  the  list 
of  new  species  it  will  be  seen  that  many  of  the  most  interesting  have 
been  found  here.  This  is  not  strange,  considering  the  rapid  develop- 
ment of  our  mining  industries  and  the  explorations  that  have  been 
made  in  unknown  territories.  But  the  finding  of  new  minerals  is  not  at 
present  the  highest  of  mineralogical  accomplishments,  and  a  new  name 
is  a  burden  and  not  an  aid  to  science.  A  very  difterent  thing  is  such 
study  devoted  to  a  new  species  as  puts  us  in  possession  of  new  informa- 
tion; and  it  is  to  the  character  of  the  new  species  and  to  the  study 
devoted  to  them  that  the  prominence  of  American  work  during  this 
period  is  due. 

We  will  therefore  ijrat  consider  the  new  discoveries  that  are  purely 
American,  and  then  we  will  return  to  more  general  considerations. 

AMEBICAN  PEOGBESS. 

Prof.  E.  S.  Dana,  in  preparing  a  previous  record  of  mineralogical  pro- 
gress, modestly  refrained  from  assigning  a  prominent  position  to  the 
results  of  the  explorations  in  Branchville,  yet  it  may  safely  be  said  that 
so  fruitful  a  locality  has  for  many  years  not  been  found  in  any  laud. 
Up  to  the  beginning  of  1879  they  had  extracted  five  new  species,  bat 
since  that  time  they  have  found  two  additional  manganese  phosphates, 
making  seven  in  all,  and  also  a  new  and  interesting  lithiom  aluminum 
silicate.  In  addition,  many  rare  though  previously  described  minerals 
have  been  there  found  by  them,  and  much  interesting  analytical  work 
has  been  done  upon  this  material  by  Messrs.  Penfield  and  Gomstock. 
These  analyses  have  also  suggested  investigations  that  have  resulted  in 
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a  more  certain  determination  of  the  formulie  of  several  species  and  to 
the  diBcovery  of  very  interesting  varieties  of  old  ones.  Mr.  Gomstock 
analyzed  the  tantaiite,  which  occurs  at  Branchville,  together  with  im- 
mense crj'stals  of  the  rare  columbite,  and  also  analyzed  and  fixed  the 
formula  of  oraniDite,  which  before  had  never  heen  found  in  such  fine 
and  Iresh  crystals,  and  of  which,  therefore,  no  material  ho  suitable  for 
analysis  bad  been  foand.  Mr.  Fenfield  reached  also  as  interesting  re- 
sults in  his  analyses  of  triphyllite  and  amblygonite,  and  also  analyzed 
a  novel  vtuiety  of  apatite  which  was  tbond  to  contain  a  large  amount  of 
manganese.  Frofe.  Brush  and  Dana  have  once  more  demonstrated  the 
economic  value  of  scientific  industry.  Their  new  minerals  were  found  in 
a  very  coarse-grained  vein  of  pegmatite.  They  also  found  there  immense 
crystals  of  potash  feldspar  of  the  variety  microclioe,  also  masses  of  clear, 
pure  quartz.  Having  extracted  many  tons  of  these  materials  as  waste 
products  in  their  search  for  the  rare  minerals,  they  took  occasion  to  call 
the  attention  of  a  porcelain  manu£tcturer  to  it,  and  he  found  on  trial 
that  the  feldspar  was  eminently  suited  for  the  mann&cture  of  his 
wares,  as  was  also  the  quartz.  He  therefore  purchased  the  property, 
and  these  materials  have  been  systematically  and  extensively  extracted 
ever  since. 

Pro&.  Brush  and  Dana  have  made  another  most  important  discovery, 
fully  equal  in  interest  to  their  discovery  of  new  species,  since  by  means 
of  it  they  have  perfected  oar  kuowledge  of  a  species  previously  little 
understood.  The  calcium  borosillcate  danburite  was  discovered  many 
years  ago  by  Prof.  C  tJ.  Shepard,  though  its  chemical  composition  was 
subsequently  first  correctly  determined  by  Profs.  J.  L.  Smith  and 
Brush.  Yet  so  small  and  imperfect  were  the  grains  then  found  that  its 
mode  of  crystallization  was  never  known,  or  at  least  its  form  could  not 
be  correctly  determined.  It  was  thought  to  be  tricliuic  Through  the 
discovery  of  these  gentlemen  ^1  the  cabinets  of  the  world  are,  or  will  be, 
enriched  with  large  and  beautifully  crystallized  specimens  of  this  heielo- 
fore  rare  and  iusignificant  species.  The  new  locality  is  in  Bussell,  New 
York,  where  danburite  occurs  in  large,  compact,  rock-like  masses  and  fine 
crystals  of  perfect  form.  The  little  crystals  are  white  and  transparent, 
and  the  large  ones  are  also  very  perfectly  formed.  They  are  rhombic 
in  form,  and,  what  is  most  remarkable,  although  it  possesses  no  appar- 
ent chemical  affinity  with  topaz,  its  crystals  are  so  deceptively  like  it 
that  no  one  wonld  hesitate  to  pronounce  it  topaz  from  its  outward  ap- 
pearance. This  resemblance  extends  yet  further ;  its  axes  are  very 
nearly  identical  in  length,  and  its  optical  properties  are  nearly  the 
same  as  in  topaz.  Other  cases  of  close  resemblance  in  form  between 
unrelated  chemical  compounds  are  known.  Cidcite  resembles  sodanitre, 
for  example,  and  aragonite  resembles  saltpeter.  Such  resemblances  of 
the  present  time  can  only  be  explained  as  being  the  accidental  resem- 
blances, like  those  of  faces  in  a  cixiwd.  But  the  ^t  that  this  borosilicate 
resembles  topaz  even  in  the  minute  details  of  arrangement  of  its  crystal- 
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line  planes,  iDdicates  that  we  have  perhaps  much  yet  to  learn  coDcem- 
ing  isomorphism. 

One  of  the  most  interesting  studies  of  this  period  has  been  made  npon 
the  lithium  aluminum  silicate  spodumene  and  the  products  of  its  alter- 
ations. Mr.  Alexis  A.  Julien,  of  Columbia  College,  first  examined  the 
specimens  that  be  obtained  in  Massaeboaetts.  Spodnmene,  by  the  action 
of  decomposing  reagents  in  nature,  exchanges  its  Utbia  for  potash  or 
soda,  and  becomes  altered  into  a  variety  of  substances,  one  of  the  most 
characteristic  of  which  has  been  called  cymatolite.  Mr.  Julien  analyzed 
this  substance  and  endeavored  to  fix  its  composition.  But  at  Branch- 
Tille,  Profs.  Brush  and  Dana  found  immense  crystals  which  were  origi- 
nally all  of  spodamene,  and  which  had  decomposed  in  such  a  way  as  to 
enable  them  to  make  a  most  interesting  investigation  and  arrive  at  new 
reenlti^.  These  crystals  were  of  very  great  dimensions,  some  being  over 
four  feet  long  and  a  foot  wide.  Their  interiors  were  stfU  of  a  beautiful 
clear  pink  spodumene,  but  they  were  mostly  altered  into  mica,  albite, 
cymatolite,  and  a  translucent  substance  which  they  provisionally  called 
jS  spodumene.  By  chemical  and  microscopic  study  they  demonstrated 
that  this  so-called  cymatolite  was  composed  of  a  very  intimate  mixture 
of  white  mica  and  albite,  and  that  the  ft  spodumene  was  composed  of 
albite  and  a  new  mineral,  which  they  have  called  eucryptite,  and  which 
will  be  found  described  beyond.  The  study  of  such  processes  of  altera- 
tion is  very  importaut,  since  it  develops  fiicts  of  geological  importance, 
and  the  changes  which  this  spodumene  has  and^gone  form  an  inter- 
esting chapter  in  the  history  of  pseudomorphs, 

Mr.  Harrington,  of  Montreal,  has  made  an  important  study  of  the  apa- 
tites and  their  associated  minerals  in  Canada.  As  is  well  known,  very 
large  deposits  of  clear  green  and  otherwise  colored  apatite  occur  there 
from  which  very  large  quantities  are  annnally  taken  to  be  crushed  and 
mauufactured  ioto  superphosphates  for  agricultural  purposes.  Such 
deposits  also  occur  in  Norway,  where  they  have  been  studied  by  Pro- 
fessors Brjigger  and  Beuscb,  who  determined  them  to  be  of  eruptive 
origin.  Professor  Harrington,  after  showing  that  they  occur  in  rooks  of 
a  similar  nature,  though  unlike  in  detail,  shows  that  there  is  abundant 
reason  for  considering  that  they  are  not  eruptive  rocks,  and  thinks  that 
they  were  gathered  by  and  crystallized  fh>m  solutions.  I  will  recall  In 
this  connection  that  M.  Daubr^e  made  apatite  in  a  closed  tube,  by 
causing  a  volatile  phosphorous  compound  to  act  upon  hot  limestone, 
and  be  thinks  that  some  such  deposits  may  have  been  formed  by  subli- 
mation. The  opinion  of  Dr.  Harrington  is  sustained  by  the  previously- 
formed  opinion  of  Dr.  Hunt,  and  it  will  be  seen  that  every  possible  mode 
of  origin  has  to-day  weighty  opinion  in  its  favor.  Bnt  argument  of 
snch  questions  is  progress,  and  Is  a  long  step  toward  conclusion,  and 
these  studies  have  contributed  much  to  our  knowledge  of  these  deposits. 
Mr.  Harrington  describes  immense  crystals  of  apatite  a  foot  or  more  in 
diameter  and  several  feet  long. 
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also  been  busy  analyzing  Canadian  miaerals.  Very  iaterestiQg  are 
tbe  analyses  of  scapolites  by  Mr.  Adams.  He  fonnd  tbem  all  to  con- 
tain cUoriDe,  tbe  overlooking  of  ^bich  was  probably  the  oaase  of  tbe 
evident  errors  of  previons  analyses. 

Tbe  relationship  iu  wbieb  bomblende  and  pyroxene  stand  to  eacb 
other  bas  aln'ays  been  a  favorit«  snbject.  Although  each  species  has 
numerons  varieties  of  very  variable  composition,  each  possesses  tbe 
same  chemical  varieties,  and  they  lure  therefore  considered  as  dimorpboos. 
Moreover  there  is  a  very  definite  relationship  between  their  forms,  since 
donbling  the  length  of  one  axis  in  pyroxene  gives  the  axes  of  hornblende. 
Another  featnre  that  ba«  attracted  mnch  interest  is  that  pyroxene  tends 
to  alter  its  own  internal  molecnlar  stmctore  into  that  of  hornblende. 
Tbia  results  in  giving  ns  quite  perfect  crystals  apparently  pyroxene, 
bat  which  possess  the  cleavage  and  optical  properties  of  the  allied  spe- 
cies. Since  the  two  species  may  be  identical  in  composition,  this  has 
usually  been  spoken  of  as  a  case  of  paramorphism,  of  which  we  have 
some  other  illustrations.  Calcium  carbonate  crystallized  as  aragonite 
can,  for  example,  be  internally  altered  to  calcite,  which  change  involves 
no  chemical  alteration.  But  Mr.  Harrington  among  the  apatite  deposits 
hassucceeded  in  finding  pyroxene  crystals  in  which  this  process  of  alter- 
ation was  in  progress,  and  in  some  cases  had  progressed  to  that  extent 
that  tbe  crystals  were  internally  pyroxene  and  externally  of  horn- 
blende. Analyses  of  tbe  materials  in  all  cases  showed  that  a  chemical 
change  had  taken  place,  which  was  largely  expressed  in  a  loss  of  lime. 
In  other  words,  the  pyroxene  was  changed,  not  into  a  hornblende  of  a 
like  composition,  bat  a  hornblende  of  different  composition.  Pyroxene 
crystals  altered  into  bomblende  have  been  called  dralite,  because  first 
brought  from  the  TJrala  by  Gustav  Rose.  Professor  Harrington's  analy- 
ses demonstrate  that  his  crystals  are  to  be  considered  as  psendomorpbs, 
and  not  as  paramorphs. 

Mr.  Hidden  has  been  seeking  minerals  in  tbe  Sonthem  States. 
Among  others  he  bas  found  some  very  beautiful,  transparent,  green 
crystals  of  spodumene,  which  are  a  novelty  and  an  interesting  addition 
to  the  varieties  of  this  species.  Some  immense  cryst^s  of  sphene, 
weighing  fifty  twnnds  or  more,  have  been  broogbt  from  Benfrew,  in 
Canada.  Dr.  Sbepard  has  bought  the  celebrated  Graves  Monntain, 
Georgia,  and  bas  mined  from  it  great  nombers  of  very  large  and  very 
beautiful  rutile  crystals ;  and  the  shelves  of  the  mineral  dealers  will  be 
found  enriched  with  a  great  deal  of  material  &om  new  localities  that 
have  been  developed  during  the  i>ast  two  years. 

Meteorites.— When  one  remembers  how  very  few  are  the  meteorites 
that  have  been  seen  to  fall  and  have  then  been  found,  and  tbe  general 
and  keen  interest  felt  by  the  whole  scientific  world  in  these  celestial 
bodies,  the  very  remarkable  fall  of  meteorites  that  took  place  in  our 
country  last  year  must  be  considered  as  an  important  event.    Most  of  tbe 
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meteorites  thus  far  fonnd  possess  thoroughly  individual  characteristics ; 
therefore  each  new  discovery  of  a  meteorite  is  met  with  the  expectation 
of  some  new  information  regarding  the  composition  and  history  of  other 
worlds  than  ours.  This  new  meteorite  was  thoroughly  unique  in  its 
general  character  and  brought  to  us  a  mineral  which  was  heretofore 
uukuown. 

In  Emmett  County,  Iowa,  on  the  10th  of  May,  1879,  at  five  o'clock  in 
the  aftemooD,  although  the  sun  was  still  shining  and  the  day  clear,  a 
large  meteorite  was  seen  to  pass  across  the  sky.  One  person  saw  it  at 
a  distance  of  one  hundred  miles  from  the  place  of  It&fall.  It  is  said  to 
have  made  a  noise  "terrible  and  indescribable,"  which  was  louder  than 
that  of  artillery,  aud  which  frightened  the  cattle  as  much  as  the  people. 
One  piece,  five  hundred  pounds  in  weight,  struck  the  earth  at  such  a 
velocity  that  it  buried  itself  fourteen  feet  in  a  stiff  clay  soil.  A  second 
piece,  weighing  one  hundred  and  seventy  pounds,  and  a  third,  weighing 
one  hundred  and  forty  pounds,  were  found  in  the  neighborhood.  More- 
over, the  prairie  far  and  near  was  scattered  with  little  pieces,  hundreds 
oC  which  were  gathered.  One  remembers  in  this  connection  the  multi- 
tude of  little  meteorites  which  tfeU  at  Pultusk,  one  or  more  of  which  are 
in  every  collection.  The  largest  of  the  pieces  of  this  Emmett  County 
meteorite  was  sold  for  a  great  sum  to  the  British  Museum ; "  the  second 
piece  remained  in  the  Iowa  University  collection,  and  the  third  was 
purchased  by  Yale  College.  The  circumstances  of  the  fall  of  this  me- 
teorite were  first  described  by  Professor  Peckham,  and  Dr.  J.  Lawrence 
Smith  afterward  submitted  it  to  careful  investigation  in  the  laboratory, 
and  found  it  to  contain  a  new  magnesium  iron  silicate,  which  he  named 
Peckhamite.  The  other  constituents  were  chiefly  metallic  iron  and 
olivine,  which  are  common  constituents  of  meteorites,  but  this  meteorite 
was  characterized  by  the  gi;eat  size  of  its  olivine  grains.  It  is  partly  on 
account  of  eucb  large  crystals  that  it  is  commonly  believed  that  these 
meteorites  once  formed  parts  of  greater  bodies,  from  which  they  have 
been  broken.  The  history  of  Biela's  comet  will  be  remembered  in  this 
connection,  which  on  one  of  its  periodic  appearances  was  found  to  have 
divided,  and  which  subsequently  finally  disappeared  from  the  sky, 
though  a  meteoric  shower  occurred  at  about  the  time  that  it  should 
have  appeared. 

Mr.  Hidden  has  also  found  some  interesting  meteoric  irons  in  the 
South.  One  of  these  was  plowed  out  of  the  ground  in  Cleburne 
County,  Alabama,  in  1873.  Though  the  circumstance  of  its  being 
metallic  iron  excited  the  curiosity  of  the  people,  no  one  considered  it 
iis  anything  of  value.  A  piece  of  it  was  forged  into  a  tool,  and  the 
rest  lay  for  years  in  the  blacksmith  shop,  unknown  and  unappreciated. 
It  has  now  been  investigated  by  Dr.  J.  Lawrence  Smith,  who  has  done 
so  much  in  the  chemical  study  of  these  bodies. 

Another  block  of  meteoric  iron  weighing  IJO  pounds  has  been  found 
*  We  abgiild  have  a,  fund  to  keep  sucli  interesting  things  in  tbiscoautn-.  i 
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at  Ivaopab,  Gal.,  by  Mr.  S.  Goddard.  It  has  been  partially  described 
by  Pro£  C.  U.  Sbepard,  and  is  in  the  possession  of  Mr.  Hanks,  the 
3tate  ^ologist  of  California. 

It  is  tnown  that  etched  snrfaces  of  meteoric  irons  exhibit  definite 
flgnres  resultant  from  the  ccystallization  of  the  iron,  and  which  not 
appearing  upon  snrfaces  of  common  iron  have  been  considered  as  char- 
acteristic of  meteoric  iron.  Mr.  DanbreS,  and  afterward  Meunier, 
succeeded  in  obtaining  sncb  figures  on  mckelil^rons  iron,  and  now  Dr. 
J.  Lawrence  Smith  has  sncceeded  in  indaoing  like  figures  upon  polished 
snrfacea  of  iron  containing  silicon.  Add  to  this  the  circnmstance  that 
the  same  happens  when  the  Ovifak  iron,  which  is  now  generally  ad- 
mitted to  be  terrestrial,  is  treated,  and  it  can  scarcely  be  claimed  any 
longer  that  these  flgnres  are  alone  characteristic  of  meteoric  irons. 

NEW  M1NEBAI,S. 
We  will  now  refer  briefly  to  the  new  minerals  that  have  been  de- 
scribed.   We  thinkitwillheBeenthatgif  afewmineralsshonldbestmck 
from  this  list,  this  portion  might  be  left  out  of  a  reijort  upon  progress, 
fOr  many  of  these  new  minerals  are  described  more  for  the  zeal  for  nam- 
ing than  for  any  information  of  interest  that  their  stndy  has  developed. 
Abriachantite, — An  impure,  bluish  clay,  like  mineral,  named  by  Heddle 
after  the  locality  where  it  is  found  in  Scotland.    A  name  given  to  a 
poorly  identified  species. 
Animikite. — A  very  basic  silver  autimonide  found  by  H.  Wurta  at  Silver 
Islet,  in  Lake  Superior.    Its  name  is  derived  from  animikie,  which 
means  thnnderj  whence  Thunder  Bay  derives  its  name.    It  is  not 
,  established  as  a  species. 

Bemardinite. — A  new  mineral  resin  found  by  J.  M.  Stillman,  in  San 
Bernardino  County,  California.    It  is  white  in  color,  and  so  porous 
and  light  that  it  will  float  on  water,    A  new  resin  has  also  been 
described  by  C.  Dolter  in  the  communications  of  the  Steinmark  natural 
history  society.     It  was  found  by  him  in  the  tertiary  lignites, 
Bkreckite. — A  substance  found  by  Heddle  at  Ben  Bhreek,  in  Sutherland, 
Scotland.    A  calcareous  chlorite  like  mineral  of  undetermined  com- 
position.   Kamed  on  account  of  the  possibility  that  it  might  prove 
new. 
Eggonite. — Probably  a  cadmium  silicate,  which  is  found  in  minute  light 
brown  crystals  on  calamine  at  Altenberg,  near  Aix-la-Chapelle.     It 
was  described  by  Schraaf,  who  determined  it  to  be  triclinic,  bot  he 
did  not  definitely  decide  its  composition. 
Elenorite. — ^An  hydrous  iron  phosphate,  found  by  A.  Xies  in  the  Eloe- 
nore  mine,  near  G-iessen.    It  is  rhombic,  dark  brown,  translucent,  and 
vitreous  in  luster.    Its  investigation  is,  however,  still  incomplete. 
Eucryptite. — A  lithium  aluminum   silicate,  discovered  by  Brush  and 
Dana,  at  Branchville,   Conn.     It  is  intimately  intermingled  with 
albite,  forming  what  they  call  p  spodnmene.  The  twa  minerals  are 
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arranged  with  refereDce  to  one  acotber  as  are  goartz  and  feldspar  la 
schrift  granite,  and,  as  in  this  case  the  mineral  intermingled  with 
the  feldspar  is  hexagonal.  In  composition  it  is  somewhat  related 
to  mascovite  or  nepheUn.  It  is  white  and  ftbrons,  and  only  detected 
by  microscopic  examination.  S'amed  tmm  c&,  well,  and  x/xjxro;,  con- 
cealed. 

Euralite. — A  dark-green  chloritic  snbstance,  lesemhling  delessite,  and 
found  by  F.  J.  Wiik,  at  Sura  Kuxihspiel,  Fitiland. 

Fairfieldite. — ^An  hydroas  manganese  calcium  phosphate,  found  by  Brush 
and  Dana,  at  Branchville,  in  Fairfield  Ooanty,  Oonnecticat.  It  Is  a 
colorless  and  b^nsparent  mineral  with  a  good  cleavage,  and  triclinio 
in  crystallization. 

MlUnci^. — A  miner^  fonnd  by  Bmsh  and  Dana  at  Branchville,  and 
named  after  the  owner  of  the  property  on  whose  land  they  explored. 
Occurs  in  granular  and  crystaUiue  grains,  the  latter  looking  like 
rhombohedrons  hut  realty  monoclinic  in  form.  It  is  a  manganese 
phosphate  containing  a  little  iron  and  soda,  and  of  a  wax-yellow  color. 

Fredridte. — A  mineral  related  to  tetrahedrite,  but  contains  lead  and 
tin.  It  is  found  in  massive,  Iron-black  pieces,  at  the  Fain  mine, 
Sweden,  and  is  chiefly  composed  of  copper,  sulphur,  and  arsenic. 
Described  by  Hj,  Sjogren. 

Gelatinous  chabazite. — Benevier  found  a  gelatinous  substance  in  fissures 
in  the  conglomerate  near  Lausanne,  Switzerland,  that  had  the  com- 
position of  ehabasite.  He  called  it  a  mineral  in  embryonic  condition. 
This  was  inappropriate,  beeanse  no  such  condition  la  xtossible  iu  the 
organic  kiagdom.  A  mineral  is  complete  as  soon  as  formed,  and 
its  crystalline  condition  is  one  of  its  essential  properties.  This  is  a 
new  mineral  if  its  composition  is  definite. 

Cuprite. — A  copper  antimony  snlphide,  foand  by  M.  E.  Cumenge  in  a 
vein  of  spathic  iron,  at  Guejar,  in  the  Spanish  Sierra  Nevadas.  Oc- 
cuTi  in  bright  crystalline  plates,  that  are  sometimes  quite  large.  It 
is  quite  heavy,  is  steel-gray  in  color,  and  of  rhombic  crystallization. 

Mannayite. — A  hydrous  magnesinm  ammonium  phosphate  fonnd  in  the 
guano  beds  at  Yictoria.  It  was  determined  and  named  by  vom  Bath, 
and  fonnd  to  be  triclinio  in  crystallization. 

Mav{fktonite. — A  black  mica,  which  was  taken  oat  of  gneiss  from  Eoneval, 
and  analyzed  by  Heddle.  It  is  intermediate  between  biotite  and  lepi- 
domelane,  and  consequently  scarcely  needs  any  new  name. 

Seldbwrgite. — Another  mineral  of  unknown  composition,  but  possessing 
angles  like  those  of  Zircon.  It  is  ayellow  mineral  seen  iu  the  feldspar 
of  pbonolite  from  Heldburg  in  Colbnrg,  by  O.  Luedeoke. 

Herrengrundite. — A  basic  copper  sulphate  from  Herrengrund,  Hungary. 
Occurs  in  six-sided  tabular  crystals  of  the  monoclinio  system.  In 
color  it  is  dark  emerald  green.  Occurs  mixed  with  gypsum,  malachlte| 
and  calcite.    (See  vrvolgyrite.) 
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Bojmanmte. — A'  colorlras,  tasteleaa  bydrocarboa,  fotind  in  tebolar  crys- 
tals on  lignite.    Described  by  Bechi. 

Himtilite. — A  mineral  named  by  Henry  Wnrtz  after  Dr.  T.  Stonry  Hunt. 
It  is  a  basic  silver  arsemde,  bat  poorly  detennined.  Found  at  SUver 
Islet,  Lake  Saperior. 

KSftacMte. — This  is  a  kind  of  mineral  pitcb  or  resin,  found  by  0.  Doeltei 
near  Koflach.  The  aathor  names  it  with  doubt,  and  aaj-s  it  is  vexy 
near  Jaulingite,  another  resin  found  at  the  same  place. 

Leucomanganite. — A  foliated,  radiated,  snov-wbite  mineral,  composed  of 
manganese  and  Iron  protoxides  alkali,  and  water  in  unknown  pro- 
portions.   N^amed  by  Sandbergvr. 

JAntonite. — An  hydrous  calcium  alnminnm  sodium  silicate,  closely  allied, 
perhaps,  identical,  with  tbompeonite,  which  was  found  in  amygda- 
loidal  cavities  in  diabase  near  Grand  Marias,  Oook  County,  Minnesota. 
Samed  after  Miss  Lanra  Lintoo,  the  analyst  of  the  specimens. 

Louisite. — A  leek-green  transluetsnt  vitreous  brittle  mineral  fbnnd  by  D. 
Honeyman,  at  Blomidon,  Nova  Scotia,  and  named  &om  the  princess, 
It  is  au  hydrous  lime  potash  silicate. 

LueMte. — An  hydrous  manganese  iron  sulphate,  found  with  inallardite 
in  the  Lnckyboy  silver  mine,  BntterQeld  C^on,  Utah.  It  is  clear, 
with  a  bluish  tint ;  foond  in  indistinct  striated  prisms  in  a  black  bitu- 
minous rock,  isomorphons  with  melanterite,  from  which  it  dififers  in 
the  presence  of  manganese.    Described  by  A.  Camot. 

Mallardite. — An  hydrous  manganese  sulphate,  soluble  in  water,  de- 
scribeil  by  A.  Camot,  from  the  Lnckyboy  silver  mine,  Butterileld 
Canon,  Utah.  It  occurs  in  colorless  flbrona  crystals  in  a  .gray  clay 
like  stone,  toother  with  quartz  and  barite. 

Mixite. — A  copper  bismuth  arsenate  containing  water.  It  is  found  as 
an  emerald  or  bluish-green  incruatatiou  on  bismuth  ochre.  It  forms 
spherical  and  reniform  aggregations,  and  granular  iri^gular  par- 
ticles.   Pound  in  the  Joachimstbal,  and  determined  by  A.  Scbranf. 

Newberyite. — Another  mineral  found  l^  vom  Bath  in  the  Victoria  guano 
beds ;  it  is  a  magnesium  phosphate  containing  water,  and  ortborhom- 
bic  in  crystallization. 

Ontariolite. — An ''  embryonic"  mineral,  named  before  its  investigation  by 
Prof.  0.  U.  Shepard.  It  is  a  member  of  the  scapolite  family,  found  at 
Ottawa,  Canada. 

Orizite. — A  mineral  of  the  composition  of  beulandite  found  in  the  tour- 
maline granite  at  San  Piero  in  Campo,  by  Grattarola.  It  occurs  in 
crystals,  and  crystalline  grains  of  the  color  and  luster  of  rice  kernels. 

Peckkamite. — A  magnesium  iron  silicate  found  by  Dr.  J.  Lawrence 
Smith  in  the  meteqrit^  that  fell  in  Emmet  County,  Iowa.  It  is  dingy- 
yellow  in  color,  has  a  perfect  cleavage,  and  occurs  in  nodules  several 
millimeters  in  diamet^.  It  is  intermediate  between  olivine  and  bron- 
zite.  Named  after  Professor  Peckham,  who  first  described  the  fall  of 
this  lemBrkable  meteorite  (see  Meteorites). 
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PhUadelpkite. — A  mineral  found  in  a  decomposing  homblendic  gneiss 
on  Qermantown  Avenue,  Philadelphia.  In  composition  and  properties 
related  to  vermicnlite.  A  pearly  micaceous  mineral,  which  exfoliates 
when  heated  to  ten  times  ita  original  volume.  Described  by  Henry  U. 
Lewis,  of  Philadelphia. 

Pho^huranylite. — A  pulverulent  incrustation  fonnd  on  quartz  and  feld- 
spar, of  a  pearly  luster,  aud  lemon-yellow  color,  and  determined  by 
P.  A.  Genth  to  be  a  hydrous  uranium  phosphate. 

Picrte.— A  hydrous  iron  phoE^hate  which  like  the  Elenorite,  before 
-meotioued,  is  found  in  a  mine  near  Qlessen.  It  is  amorphous  dark 
brown  translucent,  aud  has  a  &tty  luster.  It  occurs  in  little  stalac- 
tites, and  spherical  concretions,  or  iu  coats  on  other  minerals. 

Flagiotntrite  KUnophwite  and  WatteoilUte,  are  some  hydrous  sulphates 
found  by  S.  Singer  on  the  Banersberg  near  Bischof^eim,  on  the 
Bhone.  They  resulted  irom  reactions  between  the  decomposing  pyrites 
in  some  lignite  beds,  and  an  underlying  basalt,  or  the  tuff  mixed  with 
the  lignit«.    They  remain  to  be  further  investigated. 

PsendonatroKte. — A  new  zeolite  described  by  Grattarola  from  San  Piero 
in  Gampo.  It  is  fouiid  in  minute  colorless  crystals  with  a  glassy 
pearly  luster,  and  probably  orthorhombic  in  crystallization.  It  is  a 
calcium  aluminum  silicate,  aud  named  &om  its  relation  to  natrolite. 

Bandite. — A  lemon-yellow  incrnstation  found  on  granite  and  determined 
to  be  a  calcium  uranium  carbonate,  near  lieblgite  in  composition, 
ITamed  for  T.  D.  Rand  of  Philadelphia  by  G.  A.  Eoenig. 

Beinite. — A  pure  iron  tungstate,  discovered  by  Professor  Bein  in  Kim- 
bosan,  Japau,  and  investigated  by  K.  von  Fritsch  and  Luedeeke.  It 
is  a  black-brown  opaque  substance;  found  in  large  square  crystals 
assumed  by  analogy  to  be  monoclinio. 

Thmimasite. — A  white  translucent  mineral,  from  Aareskutan,  described 
by  G.  Liudstrom,  with  fiitty  glance,  and  choncoidal  fracture.  It  is 
an  hydr«ns  lime  carbonate,  sulphate,  and  silicate.  One  would  think 
it  a  mixture,  but  several  analyses  exactly  agree,  and  T<5mebohm,a 
carefbl  analyst,  is  assured  that  it  is  no  mixture.  One  will  remember 
cancrinite,  which  is  a  silicate  aud  carbonate.  This  mineral  is  justly 
named  &om  ^ci/xaCo',  to  wonder. 

KtottomorpAite.— The  gray  translucent  substance  which  is  so  very  fre- 
quently found  in  microscopic  sections  of  rocks  as  a  decomposition  prod- 
uct of  titanic  iron  and  rutile,  has  been  the  subject  of  much  discussion. 
It  has  never  been  found  practical  to  separate  it  and  analyze  it,  hence 
its  composition  has  always  been  a  subject  of  speculation ;  von  Lasaulx 
found  masses  iu  an  amphlbolite,  from  Hohe  Eule,  of  sufficient  size  to 
analyze.  He  fixed  its  comx>osition  as  a  calcium  titauate,  identical 
with  perowskite.  The  substance  previously  bad  two  or  three  names, 
aud  was  best  known  as  leucoxeue,  a  name  given  by  Giimbel.  It  was 
scarcely  necessary  to  give  it  another. 


t,L.ooglc 


308  MINEEALOQT. 

TrippJieite. — ^A  copper  arsenite  from  Chili,  the  compositioti  of  which 
was  determined  by  A.  Damoitr,  and  the  crystallographio  properties 
by  G.  vom  Bath.  It  is  a  quadmtic  mineral,  the  optie^  proof  of  which 
was  furDished  by  Des  Gloizeanx.  It  was  named  for  Dr.  Paul  Tripkie, 
a  mineralogist  in  Bonn,  who  was  nnfortunately  killed  shortly  after  he 
had  found  this  mineral,  which  he  snspected  to  be  new. 

Tysonite. — A  mineral  found  by  Messrs.  Tyson  and  Wood,  on  Pik^s 
Peak.  It  was  foand  by  Prof.  0.  D.  Allen  and  Mr.  W.  J.  Gomstock 
to  be  a  fluoride  of  the  rare  earths  cerinm  lanthanum  and  didymiuin. 
It  is  a  hexagonal  mineral  of  vitreous  and  wax-yellow  color,  and  very 
heavy.    It  was  named  from  the  finder. 

Uritite. — An  hydrous  iron  sulphate,  containing  soda,  described  by  A, 
Frenzel.  It  has  a  citron  or  pomegranate  yellow  color,  and  occnrs  in 
rhombic  crystals.    It  was  obtained  in  the  Caacasns. 

TJrvolgyite. — This  is  the  same  thing  as  the  Herrengrundite  described  by  * 
BrezJna.  This  name  was  given  by  Szabo,  bntthe  lime  which  Brezina 
found  resnlted  from  an  intermixture  oi  gypsum,  Szabo  considered  to 
be  an  essential  constituent. 

Xantholite. — Another  of  Reddle's  possibly  new  minerals.  Found  at  Loch 
!Ness,  Scotland.  Like  grenatito,  but  of  different  color.  A  poorly  de- 
termined  species. 

IMPOBTAKT  STUDIES. 

It  will  be  noticed  that  many  of  the  new  studies  have  consisted  in  the 
continued  application  of  the  later  developed  optical  methods  to  pre- 
viously-det«rmined  species.  This  is  becanse  the  ideas  which  constitate 
a  crystal  have  been  dianged,  thus  necessitating  a  reinvestigation  of  all 
minerals.  One  sees  no  more  in  the  new  text  books  that  a  crystal  is  a 
body  bounded  by  planes  symmetrically  arranged  by  forces  of  crystal- 
lization. But  a  crystal  Is  a  body  with  a  defined  molecular  structure, 
possessing  like  elasticity  in  like  directions.  The  planes  w{(ich  may  or 
may  not  bonnd  such  a  substance  are  simply  one  of  the  features  of  this 
molecular  structure,  in  the  same  way  as  are  the  optical,  electric,  mag- 
netic, thermal,  and  other  properties.  The  isometric  crystalling  form 
of  a  substance  can  be  more  perfectly  established  by  the  examination  of 
a  pair  of  sections  firom  an  irregular  iragment  than  fit>m  the  enter  form 
of  a  developed  geometrical  form.  Opaque  substances  only  are  investi- 
gated in  the  same  way  as  of  old,  and  even  these  can  be  studied  by  thermal 
methods.  The  degree  of  symmetry  in  crystals  are  considered  as  the 
prominent  features  in  geometrical  study,  and  the  crystalline  axes,  such 
as  are  not  assamed  for  simple  convenience  of  calculation,  are  the  nor- 
mals to  these  planes,  and  not  imaginery  lines.  These  principles,  which 
have  much  simplified  the  science  in  some  directions  and  complicated  it 
in  others,  are  not  new  developments,  but  progress  worthy  of  note  has  been 
made  in  the  more  general  acceptation  of  the  uew  system  Euid  its  Intro- 
doction  into  elementary  instmctiou. 
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Feldspar. — The  staAy  of  thechemical  relationaltips  of  the  feldspars  has 
deeply  interested  mineralogista  for  several  years.  It  will  be  recalled 
that  Tschermak,  by  a  laborioas  investigation,  attempted  to  systematize 
aU  those  kinds  of  feld  spar  of  intermediate  content  of  silica  by  a  theory 
of  Isomorphism  of  the  extreme  members  of  the  group.  This  theory 
was  prevented  from  receiviDg  general  acceptation  by  the  researches  of 
Des  Gloizeaux,  who  gave  de&uite  optical  properties  for  the  oligoclase  and 
labradorite  as  well  as  the  rest.  But  now  Schtister,  by  a  more  extended 
series  of  investigations,  has  been  convinced  that  in  optical  as  well  as 
other  properties,  all  these  intermediate  species  do  form  a  regularly  pro- 
gressive series,  such  as  might  be  expected  to  result  from  isomorphous 
combinations.  Many  specnlations  have  been  made  with  the  view  of  ex- 
plaining how  a  lime  alumina  silicate  like  anorthite  can  be  isomorphQQS 
with  potash  or  soda  alumina  silicates,  which,  like  albite  and  microcline, 
are  of  entirely  different  atomic  ratio.  The  satisfactory  anderstanding 
of  this  is  a  thing  to  be  determined  when  knowledge  is  further  advanced. 
The&ctofthe  isomorphism  is  admitted,  and  the  theory  oftheisomorphons 
replacements  to  form  intermediate  feldspar  species  has  gained  ground. 

The  dimorphism  of  potash  feldspar  has  been  known  for  some  time. 
Snt  it  has  proved  to  be  quite  surprising  to  find  that  the  new  species 
microcline  is  on  the  whole  much  more  abundant  than  the  old  species 
orthoclase,  which  previously  embraced  the  whole.  Microcline  differs 
bat  extremely  little  in  geometrical  form  from  orthoclase,  but  its  optical 
properties  are  very  markedly  different  It  is  composed  of  a  series  of 
laminae  most  intricately  interwoven,  a  result  of  twinning  according  to 
two  different  systems.  Kow  Levy  has  lately  shown  that  if  this  system 
of  twinning,  which  is  sometimes  carried  to  such  an  extent  that  the  iudi- 
Tidual  laminEB  become  minutely  microscopic,  were  only  repeated  still 
further,  and  the  lamiufe  subdivided  until  even  the  microscope  coald  not 
detect  them,  such  a  microcline  would  have  all  the  properties,  optical 
and  otherwise,  of  orthoclase.  In  this  he  is  supported  by  able  Frouch 
mineralogists,  and  it  would  apx>ear  as  if  we  wero  liable  to  lose  the  old 
classic  orthoclase  altogether. 

Other  studies  q/'fwins.— A  twinning  plane  becomes  of  necessity  a  plane 
of  symmetry,  and  thus  by  simple  repetition  of  this  process  very  regular 
bodies  resultfrom  the  least  symmetrical.  The  process  of  reducing  well- 
'  known  minerals  to  less  symmetrical  systems  has  gone  on  as  vigorously 
as  heretofore.  For  example,  chabazite,  which  was  considered  as  a  most 
typical  rhombohedral  mineral,  has  been  shown  by  Becke  to  receive  its 
nsual  form  by  the  repeated  twinning  of  its  triclinic  crystals.  Leucite, 
which  at  the  time  of  the  last  review  had  with  general  consent  been  re- 
duced £rom  the  isometric  to  the  quadratic  system,  lias  since  been  found 
by  Websky  to  be  orthorhombic,  and  by  others  has  been  considered  as 
still  less  symmetrical.  Ferowskite  and  Boracite  receive  their  apparent 
iSDmetric  forms  by  the  repeated  twinning  of  rhombic  crystals.  Other 
examples  might  be  given,  bat  these  aie  snffioient  to  show  what  is  being 
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dome  in  tbese  diiections.  The  resnlts  of  sach  Btndiea,  if  of  interest  in 
detail  to  bat  few  (and  they  sae  treated  with  utmost  detail),  mnst  not  be 
anderestimated,  for  they  tend  toward  a  better  nnderstanding  of  molecn- 
lar  stnictnre,  a  knowledge  of  which  may  at  any  time  prove  of  utmost 
interest  to  all. 

Mica. — Pro£  O.  Tschermak,  who,  as  is  well  known,  has  made  a  most 
valnablo  investigation  npon  micas,  the  resnlts  of  which  proved  that  all 
micas  are  monoclinic  in  form  and  that  they  possess  Tariable  optical 
properties  which  necessitated  a  redivision  and  to  a  certain  extent  a  new 
nomenclature,  has  now,  with  the  aid  of  Sepocz,  extended  his  examina- 
tion to  the  brittle  micas  of  the  clintonite  group.  These  he  finds  also  to 
be  monocUnio,  and  possessed  of  optical  properties  that  make  it  possible 
to  systematize  tbem  in  the  same  way  as  the  elastic  micas.  Thus  our 
knowledge  of  a  large  namber  of  minerals  which  before  were  veiy  impei^ 
fectly  noderstood  has  been  much  improved. 

iJtIIFICIAL  MmEBALS. 

The  synthetic  methods  of  study  have  always  fbnnd  especial  ffavor  in 
France.  Tlie  impetus  given  by  the  men  who  have  so  distingnished 
themselves  in  this  way  has  in  the  past  year  brought  forward  a  namber 
of  new  studies,  almost  all  of  them  French. 

Daubr^e's  new  book  upon  experimental  geology  contains  an  account 
of  all  his  previoas  exx>eriment8,  and  noticeable  are  the  methods  that  be 
has  used  to  make  sublimed  minerals.  The  book  is  very  interesting  to 
read,  though  its  chief  merit  is  the  bringing  together  in  condensed  and 
accessible  form  all  the  distributed  writings  of  the  author  upon  these 
subjects. 

Fonqu^,  who  some  time  since  succeeded  in  reproducing  the  feldspars 
by  the  simple  process  of  allowing  fused  mixtores  to  slowly  cool,  has  by 
the  same  process  made  leuclte,  nephelin,  and  a  variety  of  rocks  that 
are  composed  of  minerals  arranged  in  the  same  way,  and  scarcely  dls- 
tiuguishable  fh>m  volcanic  products.  These  results  both  have  a  geolog- 
ical interest,  and  are  noticed  in  that  section. 

Foaqu^  and  Levy  performed  the  very  pretty  experiment  of  fhsing 
a  mixture  of  scapoltte  and  hornblende,  and  obtained  by  slow  cooling 
a  mixture  of  lahradorite  and  pyroxene.  One  recalls  the  old  experiment* 
of  Mltscherlich,  who  fifty  years  ago  fused  hornblende  and  obtained  py- 
roxeue.  One  of  the  very  interesting  experiments  of  Fouqu6  and  Levy 
recently  performed  was  that  by  which  they  produced  feldspars  of  vari- 
ous degrees  of  acidity,  in  which  lead,  baryta,  or  strontia  were  made  to 
take  the  place  of  the  bases  ordinarily  found  in  them. 

Yelain  has  examined  microscopically  the  fused  ashes  of  grasses  and 
other  plants,  and  found  in  them  tridymite,  anorthite,  wollastonite,  and. 
augite.  Professor  Maskeljn  has  described  an  artificial  diopside  rock 
formed  in  a  Bessemer  steel  converter.    Liebethenite,  the  copper  phos- 
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phate,  has  been  fonnd  to  be  very  easily  made  by  Friedel  and  Saraain. 
ScoTodite,  the  iron  arsenate,  has  been  made  by  Yemeuil  and  Bonrgeois. 
Haatefeuille  has  made  leacite,  also  an  iron  leucite,  that  is  one  which 
contains  iron  sesqaioxide  instead  of  the  osual  alumina.  Mennier  has 
made  enstatite,  spinel,  and  corundnm.  This  does  not  cover  the  whole 
list,  but  it  is  sufficient  to  show  the  energy  with  which  the  synthetic 
method  is  being  pursued  in  France. 

Some  very  interesting  exi>eriments  have  been  tried  in  the  way  of  pro- 
ducing artificially  some  of  the  physical  features  of  minerals.  Calcite 
has  been  noticed  to  be  usually  in  the  condition  of  polysynthetic  twins 
when  in  ordinary  Umestones,  and  it  has  been  found  that  this  twinned 
stmcture  can  be  induced  in  a  simple  crystal  by  pressing  it  in  certain 
directions.  Banmhauer  has  shown  how  to  make  a  perfect  artificial  twin 
yet  more  simply.  He  takes  bis  jackknife  and  presses  its  edge  perpeu- 
dicalarly  into  Uie  pole  edge  of  a  rhomb  near  its  apex.  The  parts  dis- 
placed by  the  jackknife  then  assume  a  position  with  reference  to  the 
undisturbed  parts  as  would  a  rhombobedron  twinned  with  the  next 
more  obtuse  rhombohedral  plane  as  twinning  plane.  One  can  thns  easily 
get  a  symmetrically  formed  twin  with  its  re-entrant  angle  exactly  like 
the  calculated  angle  of  the  twin.  This  is  a  beautiful  little  szperiment 
that  any  one  can  try  In  a  moment  for  himself,  but  to  understand  it«  full 
import  and  bearing  is  a  deep  problem. 

ArchcEological  Mineralogy. — Under  the  title  of  "  Nephrite  and  Jadeite," 
Piof.  Heinrioh  Fischer  has  issued  a  volume  which  is  the  second  that  he 
has  devoted  to  a  description  of  the  results  of  bis  studies  upon  these  and 
other  minerals,  which  in  prehistoric  times  were  cut  into  ornaments, 
amulets,  stone  axes,  &c  He  has  thus  in  a  systematic  manner  i^tro- 
daced  the  study  of  mineralogy  into  archBeology.  With  the  aid  of  the 
microscope  and  all  available  scientific  resources,  be  has  endeavored  t< 
find  the  nature  of  the  stones  most  prized  by  the  ancients.  His  long' 
continued  studies  show  him  that  for  an  insufficiently  understood  reason, 
they  bad  a  decided  preference  for  green  stones,  which  they  brought 
&om  most  distant  lands.  The  stones  mostly  obtained  and  modelled 
were:  green  limestones,  apatite,  green  quartz  and  serpentine,  mica- 
schist,  chlorite  schists,  amazon  stone  (green  feldspar),  idocrase  epidote, 
hornblende,  and  pyroxyue;  and  particularly  in  Asia  and  New  Zealand, 
the  very  tongb  and  bard  nephrite  and  jadeite.  It  will  never  cease  to 
be  a  wonder  how  the  ancients  so  beautifully  cut  and  polished  these  hard 
stones  with  thpir  poor  contrivances,  and  the  archseologists  will  be  thank- 
ful to  this  eminent  mineralogist  who  has  so  carefully  determined  the 
mineral  nature  of  so  many  of  tbeir  objects  of  interest,  and  systematized 
a  great  mass  of  their  previously  uninteresting  material. 

Other  extensive  works. — ^The  fourteenth  communication  of  Mr.  W.  G. 
Hankel  on  the  electric  properties  of  minerals  has  already  appeared. 
He  has  demonstrated  that  all  minerals  possess  poles  and  electric  prop- 
erties of  one  kind  or  another,  and  that  the  distribution  of  the  electricity 
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over  the  crystals  is  variable.  He  has  not  been  able  to  dedace  from  his 
stadies  any  very  complete  system,  and  the  resnlts  are  therefore  rathra; 
wearisome  in  their  details. 

.The  optical  properties  of  isomorphoas  mixtnres  have  been  stadied  by 
Wyrouboff,  and  Mr.  G.  DSIter  has  digested  all  the  analyses  of  the  min- 
erals of  the  pyroxene  family,  and  also  stndied  thei  r  physical  characters. 
As  a  result  he  has  ^ven  a  classiflcatioii  of  the  varieties  of  this  mineral, 
which  contains  some  improvements. 

Mr.  E.  Mallard  has  issaed  the  first  volnme  of  his  treatise  on  geomet- 
rical and  physical  crystallography,  accompanied  by  an  atlas  of  nine 
plates.  The  completed  worfe  is  to  cover  the  field  of  mineralog}',  and  is 
of  much  importance,  since  no  very  extensive  general  treatise  on  miner- 
alogy has  appeared  in  France  since  the  time  of  Hany. 

Prof  J.  Beinhard  Blum,  in  his  old  age,  has  added  a  fonrth  SDpple- 
ment  to  his  work  npon  pseudomorphs.  The  better  part  of  his  life  may 
be  said  to  have  been  devoted  to  this  study.  His  work  has  become  one 
of  the  classics  of  mineralogy,  and  has  had  much  influence  in  geology. 
He  evidently  intends  that  so  long  ^  he  lives  his  work  shall  be  kept 
abreast  of  the  times.  If  he  is  not  longer  able  to  take  part  in  the  active 
hard  work  that  Is  being  devoted  to  this  sabjeet,  his  new  supplement 
shows  that  uothiug  of  importance  escapes  his  attention  or  overtasks  bis 
memory. 
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FBOGBESS  IN  1879. 

During  the  year  1879  pnblicationa  on  botany  have  been  unmerotis  in 
all  departments  of  the  science,  especially  on  the  snbjecta  of  crypto- 
gamic  botany  and  vegetable  physiology,  but  the  number  of  works  of  large 
extent  and  those  which  the  Germans  would  describe  as  epoch-mating 
is  comparatively  small.  The  activity  of  the  botanical  world  during  the 
year  is  shown,  however,  by  the  large  numbers  of  paperscontaining  either 
the  results  of  observations  on  detailed  subjects  in  vegetable  auatomy 
and  morphology,  or  iu  descriptions  of  new  species,  both  of  phsenogams 
and  cryptogams.  The  proportion  of  valuable  papers  relating  to  the 
effecta  of  light  on  plants,  to  the  physiological  relations  of  the  different 
coloring  matters,  and  to  the  action  of  the  different  forms  of  ferment  is 
also  to  be  noticed. 

GENEBAI,. 

The  Ohronologioal  History  of  Plants,  or  man's  record  of  his  own  ex- 
istence, illustrated  throngh  their  names,  uses,  and  companionship,  is  a 
quarto  of  over  1200  pages  by  the  late  Charles  Pickering.  It  is  an 
immense  collection  of  scattered  facts  abont  different  common  and  culti- 
vated plants,  and  the  press-work  is  extraordinarily  well  done.  Gray's 
Botanical  Text-Book,  Part  I,  Stmctnral  Botany,  now  appears  as  one  of 
a  series  of  three  volumes,  of  which  the  second  aud  third  volumes  are 
to  be  devoted  respectively  to  phyaiological  botany  and  cryptogamio 
botany.  The  part  n:hich  has  already  appeared  is  modeled  on  the  author's 
well-known  Stmctnral  and  Systematic  Botany,  but  with  much  additional 
matter.  The  first  part  of  Luerasen'e  Handbuch  der  Systematischen  Bo- 
tanik,  intended  especially  for  the  use  of  medical  students  and  apothe- 
caries, is  devoted  to  cryptogams,  and  both  text  and  plates  are  excellent. 
The  Sandbttch  der  Botanik,  by  Schenk,  which  forms  a  part  of  the  Ency- 
elopcBdie  der  Naturwissensolu^ftm  appeared  in  part  in  18T9,and  contained 
articles  by  Hermann  Miiller  on  the  Belations  between  Flowers  and  their 
Crossing  by  means  of  Insects,  and  by  Dmde  on  Insectivoroas  Plants. 
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TEGETABLE  ANAIOBIY  AND  PHTSICLOOT. 

An  important  paper  by  Pringaheim  on  the  Action  of  Light  and  the 
FuQction  of  Chloropbyl  -was  commanicated  to  the  Berlin  Academy  in 
July  of  this  year.  The  paper  is  io  the  nature  of  a  aomewhat  leoglhy 
prelimioaty  communication  which  the  writer  intends  to  give  in  fiill  with 
illustrations  in  hia  Jahrbiicher.  Pringaheim  reports  the  discovery  of  ft 
snbstance,  to  which  he  gives  the  name  of  SypocMorin  or  Hypoehrov^l, 
which  is  obtained  &om  chlorophyl-bearing  tissues  by  allowing  them  to 
remain  in  dilute  hydrochloric  acid  for  several  boors.  The  Hypochlorin 
then  appears  in  the  form  of  small,  riscid  drops  or  masses  of  semi-llaid 
consistency,  which  ultimately  are  transfiirmed  into  long,  reddish-brown, 
indistinctly  crystalline  needles.  According  to  Pringaheim,  be  has  proved 
that  chloropbyl,  by  its  power  of  regulating  plant-respiration  in  light  by 
means  of  its  absorption  of  the  most  aetive  chemical  rays,  deiovsses  the 
amount  of  respiration  in  green  plants  exposed  to  the  light  below  the 
amonut  of  assimilation,  and  so  makes  possible  the  accumulation  of  car- 
bon-producta  and  the  persistence  of  the  plant  in  the  light.  Hoppe-Seyler 
has  discovered  a  substance  to  which  he  givea  the  name  of  Ghlorophyllaa, 
which  has  the  form  of  dark  green,  velvety-looking  plates,  which  are 
■  curved  and  often  united  in  rosettes.  Gautier,  in  the  Oomptes  Bendns, 
regards  the  chlorophyDan  of  Hoppe-Seyler  as  crystallized  chlorophyl 
itself,  and  heclaims  for  himself  the  priority  of  its  discovery.  TheBelio- 
tropic  Phenomena  of  Plants  is  the  title  of  a  monograph  by  Wiesner,  first 
presented  to  the  Vienna  Academy  in  1878,  but  not  generally  madepublio 
until  the  present  year. 

The  Annates  des  Sciences  contain  an  article  by  Bonnier  on  nectaries, 
and  a  copionsly  illustrated  paper  by  Vesqae,  Sur  le  8ae  Embrponnaire, 
in  which  he  supports  the  views  of  Warming  as  to  the  signification  of  the 
embryo-sac,  rather  than  the  views  of  Strasburger.  L.  Koch,  in  his  mono- 
graph of  the  Development  of  the  Crassulaoete,  gives  a  large  number  of 
finely  drawn  plates  of  the  microscopic  structure  of  species  of  that  order. 
The  mode  of  fertilization  in  Zostera  marina  has  been  studied  by  Engler, 
who  criticises  nu&vorably  the  views  on  the  subject  formerly  held  by 


The  American  Naturalist  contains  a  nnmber  of  short  papers  on  fertil- 
ization, among  which  may  be  mentioned:  Certain  Gontriva/ncesfor  Cross- 
fertiHzation in Floicers, hj Prof.  J.E.Todd;  Onthe Pertilieationo/aeverdl 
gpecies  of  Lobelia,  by  William  Trelease ;  The  Fertilization  of  our  native 
species  of  Olitoria  and  Centrosema,  also  by  Trelease ;  and  On  the  Fertili' 
zation  of  YuccOf  by  Thomas  Meehan,  a  paper  read  before  the  Am.  Ass. 
for  the  Advanc  Science.  In  the  Botanical  Gazette  are  papers  on  IW- 
morphism  in  Lithospermum  oanescms,  by  E.  F.  Sm  Itb,  and  on  Sexwd  differ- 
eatiation  in  Epigcea  ripens,  by  L.  F.  Ward,  and  a  note  on  the  movement 
of  the  stamens  of  8eMatia  annularis,  by  the  same  anthor.  In  the  Am. 
Joum.  Science  Prof.  W.  J.  Beal  describes  his  Eaperimmis  in  Cross-breed- 
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tnjr  plants  of  the  same  variety,  his  concluBion  being  that  the  crossing  is 
highly  fayorabie. 

DISEASES  OF  PLANTS. 

The  coffee-leaf  disease  prodaced  by  Hemileia  vmtatrix  is  described 
and  illustrated  in  aa  article  by  E.  Abbay  iu  the  Jonm.  Liiin.  Soc.  In 
I^ngi  Pomicoli,  Von  Thnemen  gives  a  snimnary  of  the  fungi  which  at- 
tack the  common  fruit  trees.  A  disease  attacking  seedling  beech  plants; 
supposed  to  be  caused  by  Phytophthora  Fagi,  aod  the  distortions  of  spru- 
ces produced  by  Nectria  cucurbiiula  are  described  by  Hartig  in  the  Forat- 
'wiss.  Centralblatt.  Bein^e  aud  Berthold  describe  the  manner  in 
which  potatoes  are  decomposed  by  the  action  of  fungi  in  the  proceedings 
of  the  botanical  laboratory  in  Giittingen,  and  Thomas  describes  a  large 
number  of  galls  produced  in  plants  by  difleront  insects,  in  the  Zeitschrift 
fOr  die  gesammten  iNaturwissenschaften.  A  general  treatise  on  Biaeaaea 
of  cultivated  pUtnts  produced  by  Fungi  by  Winter  has  appeared  from 
Oie  press  of  Scfaolze,  in  Leipsic  The  appearance  in  France  of  the  onion 
BmuttUrocysiia  Cepuloe,  well  known  iu  some  parts  of  the  United  States, 
has  been  recorded  by  Cornn,  and  the  same  botanist  published  several 
communications  on  the  disease  of  the  vine  known  as  anthracose,  or,  as  it 
is  frequently  called,  authrachnose.  Planchon  and  Comu  do  not  agree 
with  regard  to  the  fdngos  producing  the  disease  in  question,  the  fonoer 
thinking  the  fungus  to  be  Sphaceloma  ampelinum  De  Bary,  and  the 
latter,  Phoma  umcola  Berk,  and  Curt.  Under  the  title  of  AmpehmiceH 
Italic,  Spegazzini  has  continued  bis  account  of  the  fungi  attacking 
grapes  iu  the  Bivista  della  viticultara.  Iu  Die  Pocken  dea  Weiiatocke* 
Von  Thuemeu  gives  his  observations  on  Gleosporium  ampelophagum,  a 
fongus  which  attacks  grapes. 

IHALLOPHYTES. 

AlffCB. — Of  papers  relating  to  the  algce  of  the  TTnited  States  bat 
little  can  be  said.  The  Bull.  Torrey  Club  contains  some  new  fresh- wat^ 
species  by  Wolle,  and  the  Am.  Katnralist  contains  a  preliminary  report 
by  Farlow  on  algEc  collected  by  Prof.  A.  S.  Fackturd  in  the  Great  Salt 
Ijsike.  Kor  have  works  on  algte  in  foreign  countries  been  as  numraxms 
as  nsnal.  The  second  part  of  Gohn's  Ki-yptogamen  Flora  von  Svhiesieu 
contains  the  algte  elaborated  by  Kirohner,  and  the  Kuovo  Giom.  Bot. 
Ital.  contains  a  paper  by  Borzi  on  tiie  Morphology  cmd  Biology  of  tha 
PAycocJ^roma«e<F.  Ejellman,  in  a  short  paper,  illustrated  by  a  chart, 
gives  an  account  of  the  distribution  of  algse  by  regions  on  the  Skager- 
Back.  Frot  E.  F.  Wright  has  two  illustrated  papers  iu  the  Transac- 
tions of  the  Boyal  Irish  Academy :  On  the  cell  structure  of  Qri;^tksia 
aetaeea  and  on  the  development  of  its  antkeridia  and  teO-aspores,  and  On 
tAe  so-called  Svphoru  and  on  the  deveU^mmt  of  the  tetrasporet  in  Pojy- 
aiphonia.  The  Trans.  liinn.  Soc.  contains  an  account,  by  D.  D.  Cunning' 
bam,  of  a  cnrioos  new  genus,  the  single  species  of  which,  Mycoidea 
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paraaitica,  grows  as  a  parasite  on  the  leaves  of  the  tea  plant,  the  mango, 
and  other  plants.  Zopf,  in  a  small  pamphlet,  has  described  and  figured 
the  stages  of  development  of  Crenofhria  polyspora,  a  species  which 
caases  pollution  of  the  water  at  Berlin  and  other  places. 

The  cause  of  the  motion  of  OsciUaritE  and  Diatoms  has  been  studied 
by  T.  W.  Engelmann,  who,  in  an  article  in  the  Botanische  Zeitung, 
states  that  it  is  owing  to  the  presence  and  contraction  of  a  thin  external 
layer  of  protoplasm.  Stahl  found  that  when  desmids  are  exposed  to 
the  light  they  undergo  certain  peculiar  motions,  viz,  their  long  diame- 
ters are  in  the  direction  of  the  light,  the  distal  end  of  the  cells  being 
attached  to  the  substratum,  and  at  more  or  less  regular  periods  the 
cells  make  a  half  revolution,  so  that  what  was  the  distal  end  becomes 
the  forw^^  end.  Stahl  also  has  a  paper  in  the  Botanische  Zeitung,  in 
which  he  shows  that  the  genus  Vaucheriahas  a  resting  condition  which 
is  identical  with  the  so-called  species  of  Gongroaira.  Eeintc,  in  Nova 
Acta  Ijeop.  Carol.,  has  an  illustrated  paper  on  the  Outleriacem  of  the  Gulr 
of  Naples,  in  which  heclaims  to  have  seen  the  union  of  the  antherozoida 
and  oogonia.  In  the  proceedings  of  the  Niederrhein.  Gesellsch.  Schmitz 
has  papers  on  the  Structure  of  the  Cells  in  MphonocladietB  and  on  the 
Formation  of  the  Fruit  in  the  Squamariew. 

Lichens. — In  the  department  of  lichenography  very  little  was  pub- 
lished in  the  United  States  in  the  present  year,  the  only  notable  work 
being  the  list  of  lichens  contributed  by  Professor  Tnckerman  to  the 
report  of  Professor  Bothrock,  which  has  already  been  mentioned.  In 
£arox>e,  however,  a  number  of  descriptive  papers  has  been  published. 
In  the  Journal  Linn.  Soc.  is  an  account,  by  Prof.  T.  M.  Fries,  of  the  lich- 
ens collected  daring  the  English  Polar  Expedition,  1875-76,  in  which,  in 
referring  to  the  list  of  lichens  collected  by  the  Hayes  Arctic  Espeditioa 
and  published  in  the  Froc.  Acad.  Nat.  Sci.  of  Philadelphia,  he  doubts 
the  accuracy  of  the  determinations  in  the  case  of  some  of  the  species 
there  mentioned.  The  Jour.  Linn.  Soc.  also  has  a  paper  by  Crombie  on 
Australian  lichens,  and  the  name  writer  has  a  notice  of  new  British 
lichens  in  GreviUea.  Leighton's  Idchen-Flora  of  Great  Britain  has  this 
year  passed  to  a  third  edition.  Additions  to  the  lichen-dora  of  Burope 
have  api>eared  in  Flora  and  Hedwigia  &om  Arnold  and  K^ylandor.  The 
last-named  writer  has  also  a  curious  note  in  Flora  entitled  Circa  lAehenes 
vitrioolas  Sotula.  In  Cohn's  Kryptogamen  Flora  von  Schlesien,  the 
second  part  of  which  appeared  in  1879,  the  descriptive  part  relating  to 
lichens  was  worked  up  by  B.  Stein.  Inasmuch  as  Stein  himself  is  a  dis- 
ciple of  Korber,  and  not  a  follower  of  Schwendener,  the  general  intro- 
duction on  the  nature  of  Uchens  was  intrusted  to  Schroeter,  who  is  a 


During  the  year  the  discussion  as  to  the  nature  of  lichens  has  been 
earned  on  in  the  different  jonmals,  epecially  in  Flora  and  Grevillea,  and 
the  articles  have  mostly  been  written  by  botanists  opposed  to  the  Schwen- 
dener theory.    In  GreviUea  is  a  paper  by  Cooke  and  in  the  Bevne  Myool- 
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ogiqae  one  by  Bonmegafere,  both  Btroiigly  against  tbe  parasitical  naturt 
of  the  lichens.  In  Grevillea,  Crombie,  while  in  general  discrediting 
Schwendener's  views,  is  unwilling  to  accept  Minim's  theory  with  regard 
to  micTOgonidia,  which  he  believes  to  be  merely  small  particles  having 
a  Brownian  motion,  as  does  also  Nylander.  The  most  extended  work 
on  the  nature  of  lichens  published  this  year  is  an  illustrated  octavo  of 
about  250  pages  by  Minks,  entitled  Das  Microgonidium,  in  which  his 
well-known  views  are  given  in  great  detaiL  lu  the  Am.  Jour,  of  Science 
Professor  Tuckerman,  in  discussing  the  question  of  the  gonidia  of  lichens, 
statesthathehasobservedmicrogonidium-like  masses  in  Parmeltatilfocea 
v.Jlamoans,  and  in  the  Biblioth^que  Universelle  Prof.  J.  Miiller  states 
that  he  has  seen  microgonidia  in  two  other  species  of  Parmelia. 

Fungi. — As  usual  an  immense  number  of  new  species  of  fungi  has 
been  described  during  the  year,  principally  in  a  large  number  of  small 
papers  scattered  through  the  different  journals.  In  addition  to  the 
journals,  such  as  Grevillea,  Hedwigia,  and  Michelis,  devoted  exclusively 
to  cryptogams,  there  appeared  this  year  a  new  journal.  Revue  Mycolo- 
gique,  devoted  exclusively  to  fungi.  It  is  a  large  octavo,  and  is  pub- 
lished quarterly  under  the  editorship  of  M.  Casimir  Boumegufere  of  Ton- 
louse. 

In  the  United  States  several  important  papers  appeared.  The  thirty- 
first  annnal  report  of  the  New  York  State  Museum  of  Natural  History 
contains  the  report  of  the  botanist,  Mr.  G.  H.  Peck,  in  which  is  em- 
bodied a  large  amount  of  mycological  matter,  including  au  arrangemeut 
qf  the  Myxomycetes  of  New  York  accordiug  to  Boatafinski's  classiScatiou. 
A  second  paper,  read  t>efore  the  Albany  Institute  by  Mr.  Feck,  is  on  the 
United  Statea  Species  of  Lycoperdon.  Besides  these  papers  a  number  of 
new  species  of  American  fungi  have  been  described  in  the  Botanical 
Gazette  by  Pecli,  in  Grevillea  by  Cooke  Mid  Ellis,  and  by  Von  Thuemen 
in  theBnll.  Torrey  Club  and  Bevue  Mycologique.  ACalifomian  species, 
Helvella  Cali/omica,  is  described  and  figured  by  W.  Philix>a  in  the 
Trans.  Linn.  Soc.  In  the  Am.  Quart.  Micros.  Jonrn.  is  a  paper  by  F.  B, 
Hioes,  Obeervationa  on  several  forms  of  Saprolegniece.  Several  works  of 
importance  have  appeared  in  Europe.  The  Mycographia  of  Cooke  has 
been  continued,  and  the  first  volume  brought  to  completion.  Berkeley 
and  Broome  have  described  new  species  from  Queensland  in  the  Trans. 
Linn.  Soc.  The  fourth  part  of  Karsten's  Mycologta  Fennica  has  appeared, 
including  the  ffypodemiii,  Phycomycetea,  and  Myxomycetea,  also  the  Du- 
comycetes  of  Gillet's  Champignons  de  la  France.  Oudemans  has  pub- 
lished several  papers  on  fungi  of  the  NetJierlauds  in  the  Archives  Neer- 
Jandaises,  and  for  Scotland  one  must  note  the  Mycologta  Scottica  of 
J.  Stevenson.  The  Bevne  Mycologique  contains  a  number  of  papers  by 
Boumegu^re  relating  to  fungi  new  to  France,  as  well  ^b  some  entirely 
new  species  as  Rupinia  Fyrenaica.  Hedwigia  contains  a  number  of 
notices  of  Swiss  fuugi,  by  Winter,  especially  of  fungi  of  the  order  f7r#- 
dineee.    Besides  papers  ah^ady  enumerated,  Cooke  has  descriptions  of 
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SHUah  fungi  and  a  paper  on  a  new  genns,  Pmiophora,  in  Grevillea.  The 
artides  by  Von  Thuemen  are  numerous  and  scattered  in  several  jour- 
nals, and  include  descriptions  of  species  from  Egypt,  Siberia,  Genmmy, 
and  other  coautries. 

The  development  of  Atndium  abietinnm  has  been  very  carefully  studied 
by  De  Bary,  who  connects  it  with  Btylosporic  and  final  forms  found  on 
alpine  species  of  Rbododendron.  A  nearly  related  form  is  fonnd  in  Fin- 
landf  on  Ledum,  according  to  Woronin.  In  a  paper  on  the  DeveU^ment 
of  some  Uredine(B  in  the  Beitrage  zur  Biologie,  Schroeter  gives  an  ac- 
coant  of  the  development  of  a  Uredo  on  Ledum,  and  a  detailed  account  of 
a  number  of  different  Puccinite,  Gomu  haa  published  a  number  of  scat- 
tered notes  in  the  Bull,  Soc.  France,  of  »  hieh  may  be  mentioned  in  this 
connection  some  Eemarks  on  Credinece,  eyaedally  the  genus  SoesteUa. 

HIGHEB  OBTPTOGAMS  AND  MUS0INE2E. 

In  this  country  the  principal  work  pablished  dnring  the  year  has  been 
the  continuation  of  Eaton's  Ferm  of  North  America.  The  same  writer 
also  published  in  the  Bull.  Torr.  Club  a  paper  on  New  and  little-known 
Ferns  of  the  United  States,  the  species  mentioned  being  principally  from 
Florida.  A  second  illustrated  work  is  Fern  Ftchings,  by  John  William- 
son, which  contains  illustrations  of  68  ferns  of  the  United  States.  Baker 
has  described,  in  the  Loudou  Journal  of  Botauy,  ferns  from  Borneo,  the 
Fiji  Islands,  and  the  Snlu  Archipelago. 

In  mosses  we  have  a  paper  by  Lesqnereux  and  James  in  the  Proc. 
Am.  Aca^l.  of  Arts  and  Sciences,  entitled  Descriptions  of  some  new  species 
of  North  American  Mosses,  with  a  note  by  W.  P.  Schimper,  and  three 
papers  by  C.  F.  Austin,  one  on  Some  New  Musci,  in  the  Botanical  G-azette, 
and  Sryological  Notes  and  Notes  on  ffepaticologi/,  in  the  Ball.  Torr.  Olnb. 
In  the  last  article,  besides  species  of  the  United  States,  a  number  of 
species  were  described  from  the  Sandwich  Islands.  Of  foreign  writings 
ou  Hiosses  and  hepatics,  we  may  mention  papei;s  by  Lindberg  on  northera 
livertrorts  and  mosses,  Massalongo's  Sepaticologia  Veneta  in  the  pro- 
ceedings of  the  Soc.  Veneto-Trentina,and  Hampe's  Fnumeration  of  some 
Brazilian  Mosses. 

Of  developmental  papers  and  those  concerned  with  minute  anatomy 
in  this  department  of  botany  the  TJntersuchungen  Uber  Lebermoose,  by 
Leitgeb,  deserve  especial  notice.  Of  the  work  just  named,  parts  toja 
and  five  appeared  in  1879,  and  treated  of  the  Ricceee  and  Anthocerat^B. 
The  same  writer  also  pablished  a  paper  on  the  development  of  ferns  in 
the  proceedings  of  the  Vienna  Academy  of  Sciences.  The  sexual  gen- 
eration of  the  MarrattieeB  was  described  and  folly  illustrated  by  Jonk- 
mann  in  a  pamphlet  published  at  Utrecht.  Bauke,  in  a  study  of  the 
prothalli  of  PEa(Jcmam  grande,  came  to  the  conclusion  that  the  bilateral 
form  of  the  prothalli  was  not  owing  to  any  inherent  property^but  to  the 
action  of  gravity.    In  a  short  paper  in  Flora,  Bauke  also  has  some  re- 
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mtfffaB  on  tlie  protbatlus  of  Salvinia  natam.    Qoebel,  in  the  Botonische 
ZdtQDg,  meutionB  a  peculiar  formation  of  shoota  on  leaves  of  Iioetes. 

In  CharacoB  we  have  to  notice  the  appearance  of  OharacecE  Americatue 
in  two  fosclooli  by  Dr.  T.  F.  Allen,  including  Chara  gymnopwa  var.  ele- 
gams,  A.  Br.  and  C.  erinita  -var.  amerieana,  of  which  descriptions  and 
colored  plates  are  given.  The  proceedings  of  the  Boston  Society  of 
iNatnral  History  contain  a  paper  by  B.  D.  Halsted  on  the  Clasaijication 
and  Description  of  the  Ameriean  ^edes  of  Qharaeees.  The  systematic 
position  of  the  Charaoea  was  discnssed  by  S.  H.  Vines  in  a  paper  in  the 
Joomal  of.  Botany  entitled  The  Pro-embryo  of  Chara,  and  he  considers 
that  the  order  forms  an  independent  group  intermediate  between  the 
CarposporecB  and  the  Uvsinnete. 

pHiEnoaAus. 

Among  the  descriptive  works  on  Korth  American  plants  may  be  men, 
tioned  B^rts  upon  the  Botanical  Collections  made  in  portions  of  Ifevada, 
Colorado,  2fetD  Mexico,  and  Arizona- during  the  years  1871-'75,  by  3,  T. 
Bothrock.  The  work  forms  a  part  of  the  reports  on  the  geological  sur- 
veys west  of  the  100th  meridian  made  under  the  charge  of  Lieut.  G.  M. 
"Wheeler,  and  is  a  large  quarto,  with  flnely  executed  plates  by  Sprague. 
In  the  elaboration  of  special  orders  and  genera,  Professor  Bothrock  was 
assisted  by  the  follo'wing  gentlemen :  S.  Watson,  George  Engelmann, 
'T.  0.  Porter,  M.  8.  Bebb,  William  Boott,  George  Vasey,  D.  C.  Baton, 
T.  P.  James,  and  Edward  Tuckermann.  The  descriptive  portioQ  of  the 
work  is  preceded  by  notes  on  the  general  character  of  the  vegetation  of 
Colorado  and  New  Mexico  and  notes  on  the  economical  properties  of  a 
number  of  species.  The  botanical  contributions  of  Prof.  A.  Gray  consist 
of  two  papers  published  in  the  Proceedings  of  the  American  Academy 
of  Arts  and  Sciences;  Characters  ofsometicu!  species  of  Composttte  in  the 
Kexican  collection  made  by  0.  C.  Parry  and  Edward  Palmer,  chiefly  in 
the  Province  of  San  Luis  Potosi  in  1878 ;  and  Some  new  North  American 
genera,  apedea,  &c.  The  new  genera  are  Sufcsdorjia,  &om  the  Columbia 
Biver,  and  MoKelli€t,  from  Oregon.  In  the  same  Proceedings  are  two 
papers  by  Hr.  Sereno  Watson :  Revision  of  the  North  American  Idliaeece 
and  Description  of  some  New  Species  of  North  American  Flanta.  In  the 
last-named  paper,  which  includes  the  new  genus  Hollisteria,  the  species 
described  are  principally  trom  the  west  ooast  and  from  Florida,  the 
greater  part  having  been  collected  by  Dr.  E.  Palmer.  Besides  the 
papers  above  named,  there  has  appeared  a  nnmber  of  shorter  papers 
and  notes  in  the  different  journals,  among  which  may  be  enumerated 
Notes  on  Baptisia,  by  W.  M.  Canby,  in  the  Botanical  Gazette ;  Notes  on 
Vitis,  byDr.G^eorgeEngelmann,and£aIIa«tPfafl{st»JV6w  YorJc Gity,by 
Addison  Brown,  in  the  Bulletin  of  the  Torrey  Club;  Colorado  Plants, 
by  I.  C.  Martindale,  in  the  American  Naturalist ;  and  Catalogue  of  the 
PhcBTtogamous  (wmJ  vascular  Cryptogamom  Plants  collected  in  DaJcota  and 
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Montanii,  by  Prof.  J.  W.  OMckering,  in  the  Balletin  IT.  S.  GeoL  and  Qeog. 
Survey.  The  American  Journal  of  Science  contains  a  paper  by  Prof.  C. 
S.  Sargent  on  the  Forests  of  Central  Nevada,  with  some  retaarJcs  on  those  of 
the  adjacent  regions,  in  which  the  comparative  distribntion  of  trees  and 
shrubs  in  the  Bocky  Mountain,  the  N'evada,  and  the  Sieira  Nevada 
regions  is  discussed,  and  in  the  same  journal  is  a  paper  by  Profesuor 
Gray  on  the  PerUnaeity  and  Predominance  of  Weeds,  in  whidi  he  comes 
to  the  conclasion  that  "  self-fertilization  is  neither  the  cause,  nor  a  per- 
ceptible cause,  uf  the  prepotency  of  the  European  plants  which  are  weeds 
in  Korth  Ameriea."  In  addition  to  the  papers  above  enumerated  are 
two  others  by  foreign  writers,  which  treat  of  Korth  American  plants ; 
one  by  A.W.  Bennett,  on  Polygalce  AmerieantB,  in  the  Joomal  of  Botany, 
and  one  on  the  Flora  of  the  Saint  Croix  and  Virgin  Islands,  published  in 
the  Bulletin  U.  S.  iNational  Museum,  by  Baron  H.  F.  A.  Eggers. 

Of  the  very  numerous  pax)ers  on  local  European  floras  nothing  need 
be  said  at  present.  The  Conspectus  Florce  Europcete,  by  Nyman,  of 
which  the  first  fasciculus  was  announced  in  1S78,  has  been  continued, 
aud  has  for  its  useful  object  the  collation  of  the  floras  of  the  different 
Eurof^ean  countries.  01  foreign  works  should  be  mentioned  the  second 
volume  of  Hooker's  Flora  of  British  India  and  the  continuation  of 
Boissier's  Flora  Orientalis.  One  of  the  most  sumptuous  works  which 
appeared  during  the  year  was  Aroidece  Maximilianw,  by  Schott  and 
Peyritsch,  containing  magniflcent  colored  folio  plates  of  the  Aroids  col- 
lected  (luring  the  journey  of  the  Emperor  Maximilian  I  to  Brazil.  The 
Archives  du  Museum  contain  monographs  of  the  genera  Ligvstrum  and 
Syritiga,  by  Decaisne,  and  in  the  Proc.  Bot.  Soc.  of  Edinburgh  is  a 
monograph  by  Bennett  of  the  genus  Ralopkila,  which  enters  into  the 
microscopic  structure  of  the  species.  In  an  elaborate  paper,  entitled 
Methodik  der  Specieabesekreibung  und  Bubus,  the  writer,  Dr.  Otto  Kunlze, 
discusses  the  variability  of  the  species  of  that  genus,  aud  proposes  a  new 
method  of  nomenclature  by  means  of  symbols, a  proposition  which  has  met 
with  very  little  favor  from  systematic  botanists.  Beccari,  in  a  work  issued 
in  parts  under  the  title  of  Malesia,  has  published  the  results  of  his  travels 
in  the  Malayan  Archipelago,  and  the  same  author  in  the  Zeitschrift 
Oesterr.  Yereins  describes  a  gigantic  aroid,  Amorpkc^hallus  Titnnuvif 
from  Sumatra.  In  this  connection  reference  should  be  made  to  Hooker 
and  Ball's  Marocco  and  the  Oreat  Atlas,  which,  although  not  a  purely 
botanical  work,  treats  largely  of  the  plants  of  that  countjy.  The  Flora 
Braailiensis  has  been  continued,  and  in  1879  there  appeared  the  Oram- 
itieee,  hy  Doll;  Lobeliacea,  by  Kaaltz;  Plumbagine(BaadPlantaginea!,hy, 
Schmidt.  An  important  economical  as  well  as  botanical  contribution  is 
Todaro's  Account  of  the  Cultivation  of  Cotton  in  Italy,  followed  by  a 
monograph  on  the  genus  Qossypium,  a  work  published  at  Some  and 
consisting  of  about  three  hundred  pages  of  text  with  twelve  folio  plates. 
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One  of  the  important  works  published  daring  tlieyearis  La 
phie  or  the  art  of  describing  plants  coneitlered  from  different 
view,  by  A.  De  Caudolle.  Besides  the  instructive  eoDsidei 
nomenclature  and  deacriptions,  there  is  given  a  list  of  principj 
and  the  autheutic  collections  which  they  contain.  We  must  all 
the  Index  per/ectus  ad  CaroK  lAnnaei  spemes  Plantarum,  nen 
primam  editionem,  by  Baron  F.  von  Mueller.  A  valuable  m 
has  appeared  during  the  year,  the  Botanhckes  Centralblatt,edi 
Oscar  Uhlworm,  assisted  by  a  numberof  specialists.  Itieissc 
by  Theodor  Fischer,  Cassel,  and  has  for  its  object  the  prese 
short  reviews  and  notices  of  botanical  works  and  society  cr 
tions  as  soon  as  possible  after  their  publication.  The  journ 
eludes  a  certain  number  of  original  communications.  The  i 
botanical  text-books  which  has  appeared  during  the  year  is  ra 
We  would  mention  first.  Botany  for  Sigh  Schools  and  College, 
C.  B.  Bessey,  which  forms  one  of  the  American  Scieuce  Series 
Henry  Holt  &  Co.  The  book  covers  all  the  departments  of  bi 
is  copiously  illustrated.  An  Historical  Sketch  of  the  Science 
in  North  America  from  1840-1858,  by  Frederick  Brendel,  is  i 
the  American  Naturalist  for  1880.  Of  the  numerous  Euro 
booke  mention  should  be  made  of  N .  J.  C  MUller's  Mandbuch  d< 
in  two  volumes;  Reinke's  Lehrbuch  der  allgemeinen  Botanik; 
Method-Lehrhiich  der  allgem.  Botanik,  and  Warming's  Den  » 
Botanil:. 

VEGETABLE   ANATOMY  AND  pnYSIOLOGT. 

The  structure  of  sieve-cells  has  been  treated  in  two  paper 
zewski,  and  by  Wilhelm.  The  distribution  of  stomata  on  the 
ean  parts  of  plants  has  been  studied  by  Hohofeldt,  and  the  An 
ist  contains  a  paper  by  W.  K.  Higby,  on  the  Mieroseopic  Ci 
tained  in  Plants.  On  the  subject  of  morphology  of  special  ■ 
may  meijtion  A,  F.  W.  Scbimper's  The  Vegetative  Organs  of  Ft 
The  Beitrage  zur  Biologic  contains  a  papei'  by  Klein,  on  the 
of  Finguicula  alpina,  au  insectivorous  plant.  lu  the  Proc. 
la  a  paper  by  Vines,  on  the  Chemical  Composition  of  Aleur 
The  aleuroue  grains  lu  Pwonia  are  completely  soluble  in  wate 
other  plants  they  are  not.  Aleurone  grains  are  always  sun 
au  insoluble  membrane  wlych  contributes  to  the  formation  ( 
work  which  remains  after  the  soluble  parts  have  been  remo 
paiier  on  the  Origin  of  Starch-grains,  by  Schimper,  the  writei 
views  contrary  to  those  formerly  advanced  by  Ifaegeli,  and  hi 
S.  Mia.  31 21 
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bodies  to  which  the  name  of  starkebildner  is  given,  from  which  starch 
may  be  formed  as  well  as  tom  cWorophyl  grams. 

The  germiuation  of  Wehcitechia  has  been  observetl  by  Bower.  Dr. 
Kngelmann,  in  the  Trans.  Saint  Louis  Academy,  has  some  notes  on  the 
Germination  of  Aooms,  and  in  the  Bot.  Gazette,  on  the  Vitality  of  ths 
seeds  of  serotinous  cones.  Prof.  Sargent  also  discuases  in  the  Gazette  the 
Vitality  of  the  Seeds  of  Finns  contorta.  The  Am.  Naturalist  contains 
papers  by  Professor  Beasey,  on  the  supposed  Dimorphism  of  Idthosper- 
mum  longijhrum,  and  by  Professor  Todd  on  the  Flowering  of  Saxifraga 
tomentosa.  Meehau,  in  the  Proc.  Am.  Acad,  of  Philadelphia,  calls  atten- 
tion to  the  Disarticulacing  branches  in  Ampelopsis. 

Two  papers  by  Gosbel  should  be  meutioned:  one  on  the  Morplu>logy 
of  the  Leaf,  and  the  other  on  Dorsiventral  Growth,  of  which  a  large 
number  of  instances  are  given.  The  Arbeiten  des  Botanischen  Insti- 
tute, Wiirzburg,  contains  a  number  of  important  papers  on  physiology: 
Sachs  on  Material  and  Form  of  Flani  Organs;  Elfving  on  Some  Hori- 
zontally growing  JRhizomata;  Wortmann  on  the  Relations  of  tite  Intra- 
molecular to  N'ormal  Respiration  in  Plants  ;  aud  by  Francis  Darwin  on 
the  Growth  of  illative  heUotr<^ic  Roots  in  Light  and  in  Darlcness.  The 
Ii^uence  of  tlie  Direetion  and  Strength  of  the  Illumination  on  some  Forms 
of  Motion  in  Plants,  is  the  title  of  a  paper  by  Stahl,  in  the  Bot.  Zeitung. 
Species  of  Mesocarpus  according  to  Stahl  are  especially  instructive,  as 
in  this  genus  the  band  of  chlorophyl  rotates  so  that  by  sti'ong  illumina- 
tion It  lies  in  the  direction  of  the  light;  by  weak  illumination  at  right 
angles  to  it.  Stahl  also  describes  the  change  of  position  of  chlorophyl 
grains  in  cells  depending  on  variations  in  the  illnminatiou.  Schweu- 
dener  has  studied  the  subject  of  several-celled  scheitels,  and  thinks  that 
although  such  scheitels  exist,  they  are  always  composed  of  fewer  cells 
than  has  been  generally  beUeved,  and  in  the  case  of  Marratta,  he  differs 
with  Eussow  in  only  recognizing  the  existence  of  four  cells. 

BAOTEEIA. 

It  is  only  possible  to  enumerate  in  this  coimection  comparatively 
few  works  having  a  botanical  bearing,  the  majority  of  the  papers  on 
bacteria  being  more  directly  concerned  with  pathological  or  chemical 
questions.  The  Beitrage  zur  Biologie  contains  a  paper  by  ^feelsen^ 
called  Studies  on  Blue  Milk,  m  which  the  writer  gives  the  results  of 
carefol  investigations  on  the  cause  of  the  blue  color  which  is  some- 
times found  in  milk.  He  examined  milk  which  had  become  blue  spon- 
taneously, ^nd  was  able  to  produce  the  color  in  healthy  milk  by  a  pro- 
cess of  inoculatioQ,  and  ascertain  by  experiment  the  conditions  which 
favored  or  retarded  the  production  of  the  bine  color.  Of  external 
conditions  favoring  the  production  of  blue  milk  the  light  has  no  in- 
fluence, and  the  temperature  within  moderate  limits  has  only  a  slight 
influence.     On  the  other  hand,  the  presence  of  free  oxygen  and  atmos- 
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pfaeric  moisture  is  essential  for  its  production.  The  coloring  matter  of 
the  blue  milk  is  not  comliiiied  witli  the  bacteria  wbich  may  be  present, 
but  is  dissolved  in  the  serum  of  the  milk.  A  microscopic  examination 
shows  the  presence  of  small  rod-like  bodies,  which  ultimately  form 
torula-Iike  cbajus.  According  to  Neelsen,  the  cells  of  the  chain,  which 
he  calls  gonidia,  remaiu  dormant  unless  placed  iit  fresh  milk,  in  which 
case  they  germinate.  Tommasi-Cmdelli  aud  Klebs  have  studied  the 
origin  of  malarial  fever,  and  conclude  that  malarial  affections  which  they 
induced  experimentally  were  produced  by  organisms  which  were  in  the 
ground  in  malarial  districts  before  the  outbreak  of  the  fever,  and 
whose  transmission  in  the  air  could  be  directly  observed  under  definite 
conditions  of  dampness  and  moisture.  The  organism  which  greatly 
resembles  BamUus  aubtUia  has  beeu  named  B.  malaritB.  Hansen  claims 
the  priority  of  having  discovered  the  cause  of  leprosy  to  be  an  organ- 
ism named  Baeilliis  leprte. 

Oue  of  the  most  important  papers  published  during  year  ia  that  of 
Dr.  Hans  Buchner,  On  the  experimental  production  of  the  Contagium  of 
Splenic  Fever  from  Baciltus  subtiUa,  with  observations  on  the  introduction 
of  splenic  fever  through  the  organs  of  respiration.  As  ia  well  kuowu, 
Baeillus  subtilis,  a  common  bacterial  form  found  in  decoctions  of  hay, 
can  scarcely  be  distinguished  morphologically  from  Bacillus  anthraciSf 
which  is  supposed  to  produce  splenic  fever  in  different  animals.  Buch- 
ner undertook  to  ascertain  whether,  by  varying  the  conditions  of  growth, 
either  of  these  two  species  might  not  be  transformed  into  the  other; 
that  is,  B,  antkracis  might  not  become  harmless  when  inoculated  and 
B.  Bubtilia  might  not  produce  splenic  fever.  He  found  by  cultivation  of 
B.  anthratna  in  diflereut  solutions,  as  a  solution  of  Liebig's  extraet  of 
meat,  that  it  gradually  lost  its  power  of  producing  splenic  fever  when 
inoculated,  and  at  the  end  of  what  he  calls  1,500  generations  of  the 
fungus  he  saw  no  difference,  pathologically  speaking,  between  the  .two 
species  in  question.  On  the  other  hand,  BaoiUia  aubtilia,  which  had  for 
a  certain  length  of  time  been  cultivated  in  defibrinated  blood,  when  in- 
jected into  different  animals  produced  symptoms  of  splenic  fever.  The 
comparative  distribution  of  bacteria  in  the  air  has  been  studied  by  Mi- 
quel,  who  finds  that  they  are  much  more  numerous  in  summer  thau  in 
winter,  and  he  states  further  that  an  increase  of  the  amount  of  bacteria 
is  followed  in  a  few  days  by  an  increase  in  the  number  of  deaths  from 
contagious  and  epidemic  diseases. '  The  communications  of  Pasteor  on 
the  cholera  of  fowls,  and  the  etiology  of  splenic  fever,  and  the  means  of 
prophylaxis,  belong  rather  to  the  department  of  pathology  than  botany, 
A  i>a\}eT  on  the  Cause  of  Blight  in  Pear  2V««  was  read  by  Prof.  T.  J.  Bur- 
rell  before  the  Am.  Absoc.  Adv.  of  Science,  in  which  he  attributed  the 
disease  to  the  presence  of  a  minute  bacterial  form.  To  a  similar  cause 
it  is  also  probable  that  the  so-called  yellows  in  peaches  is  to  be  attrib- 
uted. Dr.  George  Sternberg,  U.  S.  A.,  has  issued  a  translation  of  Mag- 
oin's  Let  BaotSriea,  to  which  he  has  added  original  notes  and  plates. 
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During  the  year  nameroim  notices  have  appeared  in  regard  to  the 
spread  of  the  American  vine  mildew,  Peronogpora  vitieola,  to  the  vine- 
yards of  Europe,  vbere  it  is  said  to  be  caosing  great  harm,  especially  in 
Italy.  The  fungus  has  been  found  in  several  parts  of  France,  Switzer- 
land, Germauy  as  far  east  as  Austria,  and  in  Italy.  Eathay  has  de- 
scribed a  deformity  of  cherry  trees  produced  by  Exoaaeus  WiesnerL 
Hartig  has  published  a  namber  of  papers  on  injurious  ftiugi  in  a  peri- 
odical called  Untersuckungen  aits  dem  Forstbotanischen  Institut,  the  princi- 
pal of  which  are  BoseUinia  queroina,  which  attacks  the  roots  of  oaks ; 
Fhytopkthora  Fagi,  which  attacks  seedling  beeches ;  Peziza  WilUcommii, 
which  canses  a  distortion  of  the  larch ;  and  Ifectria  Caeurbitula,  which 
attacks  the  bark  of  spruces.  The  coffee-leaf  disease,  Hemileia  vastatrix, 
has  been  studied  by  I>.  Morris,  and  a  preliminary  report  on  the  same 
subject  has  been  made  by  H.  M.  Ward,  who  was  sent  by  the  British 
Government  to  Geylon  to  Investigate  the  subject.  IHe  Blaaenrogt  Pilze 
der  C&nifereny  a  monograph  of  the  genus  Peridermium,  by  Yon  Thiimen, 
contains  an  aooount  of  the  aecidial  forms  attacking  CtmifercB,  and 
includes  a  number  of  species  found  in  the  United  States. 

THALLOPHYTES. 

Algw. — Kew  American  species  of  algse  have  been  described  in  the 
Bull.  Torrey  club  by  Wolle.  In  the  first  annual  Bep't.  Mass.  State  Board 
of  Health,  Charity,  and  Lunacy  is  a  paper  by  W.  G.  Farlow  on  Some  Jm- 
purities  of  Drinldrts-  Water,  with  two  plates,  illustrating  the  common 
species  which  produce  the  disagreeable  odor  sometimes  found  in  the 
water  supplies  of  Boston. 

The  most  important  work  on  algEB  which  has  appeared  daring  the 
year  is  Florideemes  MorpAologi  by  Agaidh.  This  is  a  large  quarto  with 
33  colored  plates,  and  was  originally  presented  at  the  Swedish  Koyal 
Academy  of  Science  in  1877,  and  bears  the  date  of  publication  1879,  but 
was  not  received  in  this  country  until  1880.  The  work  is  in  Swedish, 
and  embodies  the  author's  views  with  regard  to  the  stmcture  of  the 
frond  and  fruit  of  the  red-seaweeds.  The  text  has  been  translated  into 
a  Latin  form,  and  under  the  title  of  Morphologia  Floridearum  has  been 
issued  as  an  octavo  with  plates  forming  part  iii  of  the  third  volume  of 
the  iSpectes  Genera  et  Ordineg  Algarum.  Areschong,  in  ihe  Bot.  Notiser, 
founds  a  new  genus  Oxyglosaum  on  Laminaria  japonica,  a  species  for- 
merly included  in  L.  saccharina.  Kjeliman,  in  Bot.  Tid^^k,  gives  an  ae- 
connt  of  Icelandic  algse,  and  remarks  that  the  alga  flora  of  Iceland  more 
closely  resembles  that  of  Northern  Scandinavia  than  that  of  Spitzber- 
gen  and  Greenland.  Kuntze,  in  Bugler's  Jahrbiicher,  and  also  in  Nature, 
gives  some  observations  on  the  distribution  of  the  gulf-weed,  and  ex- 
presses doubts  as  to  the  existence  of  a  genuine  sargasso-sea,  as  de- 
scribed by  Huuibdldi  ana  others.    He  also  gives  a  revision  of  the  ge- 
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oua  Sargassiim,  in  which  he  very  mnch  rednces  the  number  of  accepted 
species  of  that  genus.  In  the  Joom.  Linn.  Soc.  Dickie  has  some  JVoies 
on  Alg<B  from  the  Amanon  and  its  tributaries.  For  Central  Europe  we 
have  to  mention  the  Contributiona  to  the  Alga-fiora  of  Wurtemberg,  by 
Kirchner.  Woronin,  in  the  Botanische  Zeitnng,  describes  a  new  Vau- 
cheria,  V.  De  Baryama,  and  a  curioua  algoid  parasite,  Chromophyton  Eos- 
anoffii,  foond  iu  shallow  pools  in  Finland. 

In  theMitth.  aus  der  Zoolog.  Station  of  Naples  is  a  paper  by  Berthold, 
Zur  Kenntniss  der  Siph<meen  itnd  Bangiaceen,  in  which  he  describes  the  fer- 
tilizatiou  in  Bangia,  and  the  same  writer  also  describes  the  Sexual  Re- 
production in  Dasi/oladus  clavwformis.  SchmJt^  describes  the  formation 
of  sporangia  in  the  genus  Ealimeda.  In  Hedwigia  P.  Eichter  gives  his 
views  on  the  transformations  which  the  genius  GloeocysUa  undergoes, 
Borzi  haa  discovered  antherozoids  in  Eildmbra/ndtia,  which  indicate  its 
affinities  with  the  Squamariem.  Ambronn  notices  some  Cmee  ofBilater- 
ality  in  Florideae  in  the  Bot.  Zeitung.  Grevillea  contains  an  account  by 
M.  0.  Cooke  of  Desmids  found  in  Great  Britain  since  the  publication  of 
Balfs's  DesmidiacetB. 

Lichens. — But  very  little  has  appeared  in  this  department.  Several 
short  articles  were  published  in  Flora,  among  which  were  Addenda  nova 
ad  Ucltenographiam  europeam ;  lAckenes  nonnulU  insul^e  St.  Thomce,  by 
Bylander;  the  continuation  of  Arnold's  papers  on  Tyrolese  lichens  and 
LicAenological  Contributions  by  J.  Muller,  A  monograph  of  the  Scandina- 
vian Artkoni^e  has  been  published  by  Almquist,  and  descriptions  of  spe- 
cies from  Australia  and  the  Argentine  Kepublic  have  been  published  by 
Krempelhuber.  Apaper  wasreadbyGeorgeMurray  before  the  Linnean 
Society,  in  which  he  suggested  that  in  the  gonida  of  lichens  we  have 
what  might  be  called  a  chlorophyl-screen  by  means  of  which  the  hyphae 
are  able  to  decompose  carbonic  acid.  In  Cohn's  Beitriige  zur  Biologie 
is  an  interesting  paper  by  Dr.  Frank  Scbwarz,  called  Chemisckbotaaische 
Studien  iiber  die  in  Am  FUchten  vorkontmenden  FUchtensaiirett,  in  which 
he  not  only  discusses  the  different  acids,  as  ehrysophanic,  lecanoric, 
erytbrinic  and  evemic  acids,  in  relation  to  their  chemical  composi- 
tion, but  also  from  an  histological  study  of  the  thalli  of  different  lich- 
ens has  attempted  to  ascertain  exactly  where  the  acids  are  found  in  the 
thallus. 

Fungi. — Ou  fungi  relating  to  the  United  States  several  papers  have 
been  published.  In  the  Bull.  Torrey  club  is  a  description  of  a  new  fun- 
gus, Simblum  rubescens,  by  W.  B.  Gerard,  with  two  plates.  This  curioua 
fiingns  belongs  to  the  Phailoidei,  and  at  the  end  of  the  paper  mentioned 
Gerard  gives  a  list  o(  the  speaies  of  Phailoidei  found  in  the  United  States. 
The  same  writer  has  also  two  other  pai>ers  in  the  Bulletin  on  Addition 
to  the  U.  S.  Phailoidei,  and  Correlation  between  the  Odor  of  the  Phalloids 
and  their  Relative  Frequency.  In  the  same  journal  is  a  paper  by  Peck  on 
Polyporus  volvatus  and  its  varieties,  in  which  he  founds  a  new  genus 
Oryptoporus  on  this  species,  and  an  article  by  J.  B.  Ellis  on  a  New  ^hae- 
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ria  on  Grapes,  Sphaeria  BidwelUi,  wbicli  lie  regards  as  the  ascigerons  con- 
ditiou  of  Fhoma  uvioola  B.  and  C.  In  the  Bot.  Gazette  are  N^otea  on 
Fwigi,  by  M.  E.  BanDing,  and  North  Am^can  ^udes  of  Sqttoria,  by  Von 
Thuemen ;  a  Catalogue  of  the  Pacific  Coast  Fungi,  by  H.  W.  Harkness  and 
J.  P.  Moore,  including  a  large  number  of  speci&s,  was  read  before  tlie 
California  Academy  of  Sciences  and  afterwards  issued  in  an  octavo  form. 
Grevillea  contains  papers  on  California  fungi,  by  Cooke  and  Harkness, 
and  on  New  York  fungi,  by  Cooke. 

The  fnngi  of  the  heTbarium  of  the  late  Mile  Libert  have  beeu  the  sub- 
ject of  papers  in  Grevillea  by  Cooke,  Eeliquae  lAbertiancE,  and  by  Kou- 
megn^re  and  Spegazzini  in  the  Bevue  Mycologique,  Rexisio  Reliquia 
Iiibertiame,  and  specimens  have  been  distributed  also  by  Von  Thiiemen 
in  Mycotheca  tTniversalis.  Cooke  has  a  number  of  papers  in  Grevillea; 
Obnervatiom  on  Peziza;  on  Hymenochaete  and.  its  allies;  descriptions  of 
British  and  Indian  fungi;  and  South  African  and  Australian  fungi  by 
Kalchbrcnner  and  Cooke.  Hedwigia  has  a  number  of  notices  of  Swiss 
fimgi,  especially  UredinecB,  by  Winter,  and  new  fungi  irom  the  Jura  and 
the  Vosges  are  described  in  Grevillea  by  Qnelet.  Additions  to  the 
myeological  flora  of  ITinland  have  been  made  by  Karsten,  and  to  the 
Italian  flora  by  Saccardo,  Spegazziui,  aud  Passerini  in  Michelia,  and 
the  Atti  Soc.  Critt.  Ital.  The  Kevue  Mycologique  contains  descriptions 
of  new  fungi  by  Roumegu**re,  Von  Thiimen,  Passerini,  Spegazzini,  and 
others. 

Developmental  works  on  fnngi  have  not  been  numerous.  Hartig  has 
connected  Calyptospora  Qoeppertiana  Kiihn  with  jUJcidium  eolumnare  A. 
•  and  S.  by  means  of  experimental  cultures.  Bathay  esperimentefl  on  the 
connection  between  different  species  of  Qymnosporaagima  and  Boestelia, 
and  differs  from  Oersted  in  believing  that  B.  penieilhta  is  the  aecidial 
form  of  G.  Juniperinum,  and  not  of  G.  clavarUsforme.  The  development 
of  the  spores  in  Urocystia  cohhid  has  been  observed  by  Prilleux,  who 
bas  a  paper  on  the  subject  in  the  Anuaies  des  Sciences.  lu  the  Beit- 
rage  Zur  Biologie  is  a  paper  by  Eidam,  Bdtrag  Zur  Kenntnisa  der  Gym- 
noasceen,  in  which  he  gives  the  development  of  Ctmomyoea  serratua  and 
Qymnoaacua  uncmatua.  Fischer,  in  the  Botanische  Zeitnng,  bas  shown 
that  the  enigmatical  round  and  spiny  bodies  found  in  Saprolegnia  spe- 
cies are  not  organs  of  the  Saprolegnia,  but  parasites,  apparently  related 
to  Ckytridimti.  Beinke  has  studied  the  chemical  composition  of  the  Plas- 
modium otAethalium  aepOcum,  the  principal  constitnent  of  which  he  finds 
to  be  plastin,  which  he  bas  stndied  lu  detail. 

ABCHEGONIATA. 

In  the  United  States,  the  principal  publication  has  been  the  Ferns  of 
North  America,  by  Professor  Eaten,  which  reached  completion  this  year, 
including  in  all  181  plates  and  accompanying  descriptions,  Besides 
this  principal  work  there  is  a  paper  in  the  Bull.  Torrey  Onb,  on  Jfetc  or 
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little  known  Ferns  of  the  Umtxjd  States,  by  the  same  writer ;  who  has  also 
issned  a  Systematic  Fern-List  of  the  species  of  this  country.  In  the  BulL 
Torr.  Club  are  two  papers  hy  G.  E.  Davenport,  on  a  new  species,  Notho- 
l(ena  Qrayi,  from  Arizona,  and  on  Vematiwi  in  Botrychittm  boreale,  and 
a  paper  on  Ferns  of  the  Cumberland,  by  John  Williamson.  The  occur- 
rence of  the  rare  8ehizcea  pmilla  in  Nora  Scotia  is  recorded  by  Pro- 
fessor Gray  iu  the  Bot.  Gazette.  In  the  same  journal  are  notes  by  Pro- 
fessor Gray  and  E.  J,  Loomis  on  an  automatic  movement  of  the  frond 
of  Agplenium  Trichomanes. 

Baker  describes  some  new  ferns,  collected  by  Beceari  in  Sumatra, 
and  a  collection  from  Madagascar  by  Langley  Kitcbing  in  the  Journal 
of  Botany,  where  the  same  writer  has  also  published  a  Synopsis  of  the 
Spedes  oflsoetes.  In  the  Trans.  Linn.  Soc.  is  a  Review  of  the  Ferns  of 
Nortliern  India,  by  C.  B.  Clarke, 

In  the  department  of  mosses  and  hepatics  there  has  appeared  in  the 
United  States  a  Catalogue  of  North  American  Mosses,  by  E.  A.  Ean  and 
A.  B.  Hervey,  and  Bryological  Notes  and  CriHeisms,  by  C.  F.  Austin,  in 
the  Bull.  Torrey  Club.  An  important  work  is  Sphagnacew  of  Furope 
and  North  America,  by  E.  Braithwaite,  and  the  British  Moss-Flora,  part  2, 
including  the  BuxbmimuuieoB  and  Qeorgiacem,  by  the  same  author.  The 
Annales  des  Sciences  contain  a  paper  by  Bescherelle,  entitled  Florule 
Bryohgiqv£  de  la  Reunion,  which  also  includes  mosses  from  other  neigh- 
boring islands.  Lindberg  has  published  notes  on  Scandinavian  mosses 
and  0.  Miiller  a  Prodromtis  Bryologiw  ArgentincB,  the  last  named 
paper  being  a  continuation  in  the  Revue  Bryologique.  In  Grevillea 
and  in  the  Trans,  of  Bot.  Soc.  of  Edinburgh  are  notes  on  British  Hepaticce 
by  Carrington,  The  JungermunniacetB  have  been  studied  by  Gottsche 
who  has  published  new  observations  ou  the  Geoealycete  and  Stephani 
has  published  a  paper  on  the  Jungennanniacea  of  Germany  with  illus- 
trations. 

Treating  of  Characece  we  have  to  notice  the  appearance  of  two  num- 
bers of  the  Characece  of  America,  by  Dr.  T.  F.  Allen,  in  which  three 
species  of  Nitella  and  three  of  Ghara  are  described  and  figured.  Dr. 
Allen  haa  also  an  article  in  the  Bull.  Torr,  Club  on  the  Similarity  between 
the  Characeee  of  America  and  Asia  in-which  he  calls  special  attention  to 
Nitella  polyghchin  A.  Br.  and  Chara  Hydropitys  Reichenb.  A  Review  of 
the  British  Characece,  by  Henry  and  James  Groves,  is  given  in  the 
Journal  of  Botany. 

On  the  general  development  of  the  higher  cryptogams  is  to  be  men- 
tioned Bie  Gefasshryptogamen  by  Sadebeck,  in  the  Encyklopaedie  der 
Naturwissensehaften  and  Goebel's  Fmbryohgie  der  Arckegoniaten  in 
Arbeiten  Bot.  Institnt»  in  Wnrzbarg.  Leitgeb  has  published  several 
important  papers  on  Marckantiacew,  especially  with  reference  to  their 
inflorescence  and  stomata  in  the  proceedings  of  the  Vienna  Academy. 
Cramer  has  an  illustrated  paper  ou  the  Non-sexual  increase  of  the  Fern- 
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protkatliis,  ill  Trhich  he  flgares  some  carious  formB  of  bads  and  what  he 
calls  coiiidia,  and  in  Kosmos  is  an  article  by  Dodel-Port  on  the  peculiar 
forms  which  fem-prothalli  assume  when  grown  under  water. 

The  most  important  work  published  during  the  year  in  the  United 
States  is  the  second  and  final  volume  of  the  Flora  of  CaHfomia,  by 
Sereno  Watson.  The  work  was  pablished  under  the  auspices  of  the 
Geological  Survey  of  California,  tuded  by  private  subscriptions.  In  the 
work  Mr.  Watson  was  aided  by  Dr.  Engelmann,  who  elaborated  the  oaiks, 
pines,  aud  Loranthaeea ;  by  M.  S.  Bebb  on  the  willows ;  William  Boot 
on  Carices ;  Dr.  George  Thurber  on  the  graAses ;  and  Professor  Eaton 
on  the  higher  cryptogams.  The  work  ends  with  the  mosses,  the  low^ 
cryptogams  being  entirely  omitted.  The  apjtendix  contains  a  glossary 
and  a  I/iat  of  Persons  who  have  made  botanical  coUeotiona  in  California, 
by  Prof.  W.  H.  Brewer,  The  botanical  coutribations  of  Profiessor  Gray 
in  the  Proc.  Am.  Acad.  Arts  and  Sciences  comprise  Notes  on  some  Oomposi- 
ttB,  which  form  a  sort  of  prodromus  of  that  order  iu  the  Synoptical  Flora ; 
Some  S^eoies  of  Aadepias ;  A  Neu>  Oenus  of  Qvntianaeece,  Geniostemon 
including  two  Mexican  species ;  and  Miscellanea  of  the  North  Amerioan 
Flora,  including  the  new  genus  Reverehonia.  The  Vegetation  ofOte  Booky 
Mountain  Begion,  by  Professor  Gray  and  Sir  J.  D.  Ilooker,  published  iu 
the  Bull.  U.  S.  Geol.  and  Geog.  Survey,  although  bearing  the  date  1880, 
was  not  in  reality  made  generally  public  until  1881.  The  Trans.  St. 
Louis  Academy  contain  a  Elision  of  the  genus  Pinus  and  Description  of 
Pinus  UUiottii,  by  Dr.  Engelmann,  with  three  folio  plates  by  Boetter. 
In  the  Botanical  Gazette  are  several  notices  by  Professor  Gray,  of  which 
may  be  mentioned  an  account  of  the  genus  Leavenworthia,  of  which 
four  species  are  described.  In  the  same  journal  Engelmann  describes 
a  new  species  of  Catalpa,  C.  spetAosa;  Mr.  T.  Morong  describes  some 
new  species  of  Potamogeton,  and  Professor  Porter  a  new  species,  Haien- 
aria  Garberi.  Bailey  gives  an  account  of  Michigan  Lake  Shore  Plants; 
I.  C.  Martindale,  under  the  title  of  Oermination  and  Growth  of  Parasitic 
Pla/ntSy  relates  his  experience  with.  Orobanohe  minor.  The  same  botanist 
gives  an  account  of  the  so-called  Bartram  Oak,  iu  which  he  concludes 
that  Qwercus  heterophyUa  Mchx.  is  a  distinct  species.  J.  Donnell  Smith 
has  in  Bull.  Torr.  Club  a  note  on  Wol^  gladiata  var.  Floridana,  iu 
which  he  includes  some  remarks  by  Hegelmaier  on  that  species.  Pro£ 
C.  S.  Sargent  has  issued  a  Catalogue  oftlte  Forest  Trees  of  North  America 
in  connectiou  with  the  work  of  the  Census  Bureau. 

Of  foreign  works  may  be  mentioned  Elmes's  Monograph  of  the  genus 
Lilium,  a  folio  with  78  colored  plates,  and  J.  G.  Baker's  Synopsis  of 
Aloinece  and  Yuccoidece  in  the  Joum.  Linn.  Soc.  Several  additions  have 
been  made  during  the  year  to  works  on  local  floras  which  had  appeared 
In  part  in  previous  years.    The  Flora  of  British  India,  by  Hooker,  has 
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beeii  contioued  in  part  seven  to  the  Bubiacew;  the  Biologia  centrali. 
americana,  the  botanical  part  of  which  is  by  Hemsley,  contains  the 
orders  fix>m  Rosacew  to  LoasacecB  ;  the  Flora  Brasiliejisis,  &sc.  76,  con- 
taining Lemnace<E  by  Hegelmaier,  aod  AracewhyEnglei,waa  published 
this  year,  although  the  last-named  order  had  been  in  press  for  some 
time.  Fournier's,  Mezuxmarum.  plantarum  enumm-atio  is  devoted  to  the 
grasses,  and  the  same  writer  has  a  paper  on  the  geographical  distribu- 
tdOD  of  Mexican  grasses  in  the  Ann.  Bci.  ISat.,  in  which  he  remarks  that 
of  the  64J  species  in  Mexico  371  are  peculiar  to  that  country.  Adansonia 
contains  a  number  of  papers  by  Baillon  on  the  development  of  the  flow- 
ers in  BerberidaoecB,  Selaginaeea,  and  StyUdiacete.  Concerning  oriental 
plants,  we  have  .to  mention  Begel's  Description  of  Plants  from  Central 
J.gta,  cultivated  in  the  Botanic  Garden  at  St.  Petersburg;  Diagnoses 
plantarum  novarum  asiatiearum,  by  Masimowicx,  in  the  BuU.  Acad. 
Imp.  of  St.  Petersburg;  Spicilegia  Florte  Sinensis,  by  Hance,  in  Joum. 
Linn.  Soc.  A  succinct  account  of  the  Japanese  flora  is  to  be  found  in 
Sein's  work  entitled  Japan,  and  a  short  notice  of  Madagascar  plants 
is  given  by  BaJier  in  Nature.  The  grasses  of  New  Zealand  are  described 
by  Buchanan  in  a  Manual  of  indigenous  grasses  of  New  Zealand.  The 
Fragmenta  Phi/tograpkuE  Australia  of  Baron  F.  von  Mneller  has  been 
contiuned  in  two  parts,  and  the  same  writer  has  issued  a  fifth  deeade 
of  Eucalyptograpkia,  a  descriptive  atlas  of  the  species  of  Eucalyptus  of 
Australia  and  the  a^^acent  islands.  In  the  Gardener's  Chronicle  is  a 
paper  on  Cinchonas,  and  a  controversy  on  the  subject  of  species  of  Cin- 
chona has  been  carried  on  in  the  Bot.  Zeitung  by  Kuntze  and  Karsten. 
There  appeu^d  in  1880  the  first  volume  ot  Botaniaehe  Jahrbueher  fva- 
Systematik,  Pflanzengeschichte,  nnd  Pflanixengeographie,  edited  by  Engler 
and  issued  by  Englemann,  of  Leipzig.  The  first  volume  contains  a  large 
Dumber  of  interesting  papers  relating  to  ph^nogams,  amongst  which 
may  be  enumerated :  Beccari's  Pflanzengeogra^hie  des  Malayischen  Archi- 
pels;  Focke's  NatUrliche  Gliederung  und  die  geographiscke  Verbreitung  der 
Gatiung  Rubus;  Buchenau's  Verbreitung  der  Juncaceen  Uber  die  Erde; 
Engler's  Beitriige  zUr  Kenntniss  der  Araoeai  and  Verbr&tung  der  Oattung 
Rhus ;  and  Langtf  s  Studien  uber  Qronlands  Flora.  In  connection  with 
the  distribution  of  species  should  be  noticed  Quelques  observations  sur  la 
Flore  Alpine  d! Europe,  by  Bonnier,  in  which  he  compares  the  notes  made 
by  him  on  plants  collected  iu  the  Carpathian  Mountains,  the  Austrian 
Alps,  and  the  Tyrolese  Alps,  and  concludes  that  the  constitution  of  the 
soil  has  little  to  do  with  the  distribution  of  species,  which  depends,  as 
De  OandoUe  maintained,  on  the  sums  of  the  temperatures. 
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GENERAL  ZOOLOGY. 

FEATURES   OF   PEOGBESS. 

The  progress  of  Zoology  in  the  biennial  period  just  past  has  shown 
the  usnal  features  exhibited  during  the  present  decade.  The  doctrine 
of  evolution  is  now  not  only  recognized  by  all  scientific  workers  in  biol- 
ogy, but  it  is  postulated  as  the  starting-point  for  investigatioiis  Into  the 
affinities  of  various  types,  and  the  efforts  of  biologists  are  in  a  great 
meafiure  directed  to  the  ascertainment  of  the  philogeny  and  derivation 
of  the  various  types.  This  has  been  exemplified  during  the  past  two 
years  in  attempts  at  tracing  the  genealogy  of  the  mammals,  the  cephal- 
opodfi,  and  the  acalephs,  as  well  as  various  groups  of  the  branches  and 
classes  of  the  animal  kingdom ;  as,  for  example,  the  ca/nivorous  mam- 
mals, the  ungulates,  various  worms,  &c. 

Perhaps  the  most  prominent  feature  of  the  period  surveyed  has  been 
the  discovery  of  numerous  deep-sea  types,  mostly  resulting  from  the 
voyage  of  the  English  ship  Challenger,  but  in  part  also  the  fruits  of 
dredging  of  minor  expeditions  and  surveys ;  for  example,  the  survey 
of  the  Caribbean  Sea  and  Gulf  of  Mexico,  under  the  auspices  of  the 
United  States  Coast  Survey ;  the  explorations  of  the  United  States  Com- 
mission of  Fish  and  Fisheries,  and  the  Norwegian  expedition  to  the 
Arctic  Seas  in  1876  to  1878.  These  several  expeditious  and  surveys 
have  been  fruitful  in  the  finding  and  revelation  of  many  remarkable 
forms.  So  rich  have  been  the  results  that,  as  we  shall  hereafter  see, 
aixiut  2,000  species  of  a  peculiar  group — the  Phseodaria — have  been 
made  known  by  a  single  naturalist,  mostly  from  the  collections  of  the 
Ohallenger  expedition.  Our  knowledge  of  the  fishes  of  the  deep  sea 
has  also  been  greatly  increased. 

An  especially  noteworthy  feature  in  the  taxonomy  of  1879  and  1880 
has  been  the  establishment  of  a  number  of  "  orders  "  in  various  groups 
of  the  animal  kingdom.  Li  view  of  the  disparity  in  valne  of  these 
groups,  in  the  several  departments  of  zoology,  it  seems  fitting  to  utter 
a  few  words  of  caution  and  explanation  in  this  place.  What  is  an 
order  1  and  what  shall  be  the  limits  to  the  range  of  variation  of  the 
forms  included  under  such  designation  f  are  quf^stions  tbat  must  nat- 
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urally  suggest  tbemtjelves  and  be  answered.  In  the  first  place,  of 
coarse,  orders,  like  every  aggregation  of  animals  and  plants,  must  to 
a  large  extent  be  arbitrary,  and  their  relations  have  to  be  determined 
by  a  certain  standard,  firom  which  greater  or  less  deviation  most  be 
made  in  individnal  cases,  according  to  circnnistances.  The  standard, 
however,  as  will  be  admitted  by  probably  every  rational  zoologist, 
should  be  a  type  that  from  its  nature  and  relations  may  be  readily  com- 
prehensible and  appreciated  by  the  greatest  number,  and  in  regard  to 
which  there  is  general  concnrrence.  Undoubtedly  it  is  in  the  class  of 
mammaJs  that  we  find  snch  reqaisites  present  in  the  greatest  degree. 
Accepting  Linntens  as  the  originator,  pro  tanto,  of  the  idea  connected 
with  the  name  order,  we  natnrally  look  to  his  exposition  cf  the  mammal 
groups.  We  find  that  though  there  have  been  great  deviations  fttnn 
his  applications  since  his  day,  the  fuudameuta!  idea  of  the  gronp,  as  it 
'existe  in  natnre,  has  been  accepted,  and  the  efforts  of  sobseqnent  zool- 
ogists have  been  chiefly  in  the  direction  of  refluement  imA  definitoeo. 
There  is  now  a  general  concurrence  as  to  the  orders  recognizable  in  the 
class  of  mammals,  althongh  some  little  difference  as  to  detaUs  still  i«e- 
vails.  Taking  the  most  comprehensive  ones,  we  have  the  Primates, 
Oamivoree,  Ungulates,  Cetaceans,  SireBiens,  Chiropters,  Insectivorea, 
Bodents,  and  Marsupials.  I^ow,  inasmuch  as  several  of  thcee  have 
been  subdivided,  let  it  be  assumed  that  no  groups  between  which  eoiat 
greater  morphological  differences  than  those  which  differentiate  the 
orders,  with  their  maximum  limits,  from  those  nearest  of  kin,  shall  be 
regarded  as  less  than  orders ;  and,  on  the  other  hand,  that  we  shall  not 
distinguish  es  orders  such  groups  as  have  at  least  less  differences  than 
those  separating,  for  example,  the  Anthropoid  and  lyemnroid  Primates, 
the  Fissiped  and  Pinniped  Carnivores,  and  the  Ferissodactyle  and  Arti- 
odactyle  Ungulates.  Prom  this  starting-point  it  will  be  in  place  to  ex- 
amine a  couple  of  systematic  attempts  published  during  the  past  year. 
One  has  been  a  new  revision  of  the  dass  of  Birds ;  iwother,  a  reiterated 
classification  of  the  Fishes. 

In  all  nature,  among  the  major  aggregates  of  species,  there  is  not  a 
more  natural  and  homogeneous  group  than  that  which  naturalists  nnan- 
imously  have  agreed  to  consider  as  a  class  under  the  name  of  Birds. 
So  like  are  all  the  living  representatives  of  this  gronp  in  all  essential 
details  of  their  morphology,  that  between  the  extremes  there  certainly 
exist  less  differences  than  those  which  separate  the  cetaceous  &om  any 
other  order,  and  perhaps  less  even  than  those  which  separate  the  Antltio- 
poid  and  Lemuroid  Primates,  or  the  Fissiped  and  Pinnii»ed  Carnivores. 
IITevertheless,  the  last  reviser  of  the  class  has  admitted  no  Iras  than 
26  orders.  If  the  proposition  that  the  order  of  Mammals  is  a  proper 
standard  be  accepted,  there  can  be  no  question  but  that  differentiation 
in  the  class  of  Birds  has  been  carried  to  a  most  uneoientifio  extreme. 

The  opposite  extreme  has  been  displayed  in  the  treatment  of  Ute 
dassifloation  of  Fishes,  in  part  at  least,  bat  at  the  same  time  a  like 
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extreme  in  excessive  differentiation.  Dr.  Giinther  has  pablished  an 
"  Introduction  to  the  Study  of  Pishes,"  in  which  he  recognizes  aa  orders 
certain  artilicial  groups  of  Teleosts  carrent  for  a  long  time;  that  is, 
the  Acanthopterygii,  Acanthopterygii  Pharyngognathi,  Anacanthini, 
PhysosWmi,  &c. 

The  characters  used  to  ditterentiate  these  "orders"  fail  in  certain 
representatives  referred  to  each  group,  and  are  of  re^ly  little  more 
systematic  importance  in  several  cases  than  those  used  to  distinguish 
the  "orders"  of  Birds.  Nevertheless,  to  each  of  the  "orders"  in 
qoestioa  are  assigned  forms  which  do  really  differ  in  important  ana- 
tODUcal  details,  and  which  have  far  less  relation  to  the  types  with  whieh. 
they  are  confounded  than  do  the  t^pee  of  the  so-called  orders  e&hibit 
among  them»elve».  We  have,  consequently,  evils  here,  not  only  of  iui4u«> 
valuation,  bat  also  radical  defects  in  appreciation  of  relationships^ 
Bat  the  same  author  applies  a  standaxd  as  diffeueut  as  possible  to  the 
classification  of  the  generalized  types  of  Fishes;  committing-,  at  the 
same  time,  the  great  mistake  of  calling  those  generali2ed  types  the 
highest.  All  the  typical  Ganoids,  as  well  as  the  Folypteroids,  and 
Dipnoaus  are  confused,  together  in  oue  heterogeneous  order;  all  the 
Chimaeroids,  and  all  the  Sharks  and  Bays,  are  thrown  together  in  a 
second.  There  can  be  no  question  but  that  representatives  of  each  of 
these  last  two  so-called  "  orders  "  exhibit  far  greater  diversities  in  their 
structure,  inter  se,  than  do  any  of  the  orders  of  existing  mammals. 
It  is  diflScult  to  brieve  that  any  consideration  could  have  been  given  to 
the  principles  of  taxonomy,  or  that  thought  could  have  been  actively 
involved  in  such  schemes  as  the  last  one  noticed. 

As  to  the  new  orders  recently  proposed,  and  to  be  noticed  hereafter,  it 
is  probable  that  the  value  of  the  several  groups  eudowed  with  such  rank 
wiU  be  questioned  by  the  majority  of  naturalists,  and  that  the  types  so- 
distinguished  will  ultimately  be  degraded  in  rank. 

The  language  of  the  original  from  which  the  abstract  is  compiled  is 
followed  as  closely  as  the  case  will  permit,  as  the  advantages  of  such  a 
course  must  be  obvious  to  all  on  a  little  reflection.  It  has  however 
been  generally  fonnd  to  be  necessary  to  limit  the  abstract  to  the  illus- 
tration of  the  prominent  idea  underlying  the  original  memoir,  and  pass 
by  the  proofs  and  collateral  arguments.  At  the  same  time  it  has  been 
often  attempted  to  bring  the  new  discovery  into  relation  with  the  pre- 
vious status  of  information  respecting  the  group  under  consideration. 
As  to  the  special  discoveries  recorded,  they  have  been  generally  selected 
(1)  on  account  of  the  modificatious  the  forms  considered  force  on  the 
system;  or  (2)  for  the  reason  that  they  are  or  have  been  deemed  to  be 
of  high  taxonomic  importance;  or  (3)  because  the  animals  per  se  are  of 
general  interest;  or,  finally  {i),  be(^baae  they  are  of  special  mterest  to 
the  American  naturalist.  Of  course,  zoologists  cultivating  limited  fields 
of  research  will  find  in  omissions  cause  for  censure,  and  may  urge  that 
discoveries  of  inferior  importance  have  been  noticed  to  the  exclusion  of 
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those  better  entitled  to  it.  It  is  &eely  admitted  that  thifi  charge  may 
even  be  juBtly  made ;  hut  the  limits  assigned  to  the  record  have  beea 
exceeded,  and  the  recorder  has  studied  the  needs  of  the  many  rather 
than  of  the  few.  Thesummary  is  iateuded,  not  for  the  advanced scieutifio 
student,  but  for  those  who  entertain  a  general  interest  in  zoology  or 
some  of  the  better-known  classes. 

The  compilation  of  this  record  has  been  greatly  facilitated  by  the 
"  Zoologischer  Anzeiger"  of  Professor  Gfmie  and  the  very  useful  synop- 
ses published  in  the  Journal  of  the  Boyal  Microscopical  Society  of  Loudon. 
The  value  of  both  of  the  records  thus  referred  to  ia,  however,  very  greatly 
reduced  by  the  absence  of  an  index  to  names  of  authors  cited  iu  the 
first,  and  to  the  neglect  to  give  a  reiereuce  to  the  exact  title  and  plaoe  of 
pabljoatiou  of  the  original  paper  in  connection  with  the  abstract  in  the 
latt«r  case.  The  consequence  is  that  very  much  valuable  time  must  be 
lost  to  confirm  and  find  references. 

AlfAL  RESPIBAJION  IN  ANIMALS. 

Mr.  M.  M.  Hartog,  in  connection  with  observations  on  the  anal  respi- 
ration of  Cyclops,  as  well  as  Cmitkocamptus  of  the  Harpacticidae  and 
Diapiiomus  of  the  Oalanidje,  has  enumerated  the  forms  of  Invertebrates 
in  which  anal  respuration  is  manifested.*  These  bdong  to  the  following 
classes  and  major  groups: 


EoUfera. 
Gepkyrea. 

OligochcetalAmieola. 
ECHINODEEMATA  : 
MolothuriMea. 

A&IHBOPODA : 

Ormtacea  (generally). 

Ingeeta  (aquatic  larvse  generally). 

MOLLtlSCA : 
Dentalimn. 

PH0SPH0BE8CBNCE  IN  ANIMALS. 

Mous.  Jousset  de  Belleame  has  continued  his  researches  upon  the  phos- 
phorescence of  anunals  by  a  special  investigation  of  that  of  the  glow- 
worm.t  He  concludes  that  the  phosphorescent  substance  is  probably  a 
gaseous  product,  for  the  structure  of  the  gland  does  not  give  us  the  idea 
of  an  organ  with  a  liquid  secretion.    The  chemical  products  which  are 

*  Hartog  (M.  M.).  On  the  Anal  BeepiTation  of  the  Copepoda.  Quart.  Joar.  Mior. 
Scienoe,  vol.  xz,  pp.  344,  245. 

Uouaset  de  BelleaiBO,  EiperimeBtal  Eesearchee  in  the  Phosphoresence  of  the  Glow- 
worm. Ann.  Mag.  Nat.  Mist  (5,)  voL  t,  pp.  345-347.  (Tranalated  ftom  the  CompUt 
Stndvi,  vol.  xo.)    Printed  In  fall  in  the  Jtmm.  Anat.  et  Fhy$.,  vol.  zvi,  pp.  131-169. 
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phosplioreseeiit  at  ordinary  temperatures  are  not  numerous,  and  the  one 
wliich  chieSy  occurs  is  phospbureted  hydrogen.  This,  M.  Jonaset  de 
Bellesme  is  led  to  l^lieve,  is  the  ease  in  the  glowworm,  and  he  is  influ- 
enced in  bis  opinion  by  the  extreme  resemblance  observable  between  the 
phosphorescence  of  substances  in  deoomposttiou  which  is  due  to  the 
evolution  of  phosphureted  hydrogen  and  thatoflamiaous  animals.  They 
present,  he  thinks,  the  same  physical  characteristics,  the  same  affinity 
for  oxygen,  the  only  difference  being  that  the  cadaveric  phosphorescence 
is  continuous,  while  the  phosphorescence  of  animals  is  intermittent. 
But  the  latter  is  due  to  the  fact  that  the  celluhir  decomposition  which 
sets  free  the  luminous  product  tak  es  place  in  animals  of  high  organiza- 
tion only  under  excitation  of  the  nervous  system,  and  in  the  lower  ani- 
mals (e.  g. — JVoctilwtB)  only  by  means  of  external  excitants. 

The  author  has  been  led  by  his  investigations  to  regard  phosphores 
cence  as  a  general  property  of  protoplasm  consisting  in  the  evolution  of 
phosphureted  hydrogen. 

This  view  readily  explains  why  many  of  the  lower  animals,  although 
destitute  of  a  nervous  system,  aie  phosphorescent,  and  has  the  addi- 
tional advantage  of  connecting  the  phenomena  of  phosphorescence 
observable  in  living  animals  with  those  exhibited  in  organic  matters  in 
course  of  decomposition.  It  is,  he  concludes,  another  example  of  a 
biological  phenomenon  very  closely  related  to  an  exclusively  chemical 
cause. 

LIGHT   AND   ITS  EFFECTS  ON  ANIMALS. 

It  may  be  recalled  that  some  years  ago  General  Pleasonton  recorded 
some  startling  ideas  with  respect  to  the  influence  of  blue  Ught.  As 
the  observations  were  evidently  made  in  a  very  crude  fa^iou,  litUe 
attention  was  paid  to  them.  The  subject  of  the  influence  of  difierent 
colored  rays  has  been  made  the  subject  during  the  past  year  of  special 
investigation  by  Moleschott  and  Fnbiui.*  The  eggs  of  a  &og  and  toad 
were  placed  in  vessels  and  covered  with  glasses  or  fluids  of  different 
colors.  "At  first  the  developmental  processes  did  not  diftfer  among 
the  different  ova,  or  from  those  which  were  exposed  to  ordinary  day- 
light." When  rotation  commenced,  however,  it  was  found  that  the  eggs 
exposed  to  red  Ught  rotated  most  rapidly,  while  great  torpor  was 
exhibited  by  those  under  the  blue  glass ;  the  rest,  exposed  to  yellow  or 
^eeu  light,  did  not  differ  at  all  from  those  developed  under  uncolored 
glass.  "  The  most  greedy  were  those  under  the  blue  glass.  When 
brought  firom  their  artificial  influence,  its  effects  gradually  passed  oft 
"When  changed  from  one  color  to  another,  the  activity  displayed  became 
gradnally  more  or  less."    In  investigating  the  action  of  different  kinds 

•  Molescliott  anil  ^'abini.  Jmir.  Sog.  Mkr.  Soc,  vol.  ii,  pp.  138,  273,  and  vol.  lii,  p. 
409.  AIM,  E.  Yang,  on  the  influenM  of  colored  light  on  the  development  of  animalB. 
CompUn  Eendui  Acad.  Sci.  Parit),  vol.  xoi,  pp.  440,  441. 
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of  ooloted  light  on  the  excretloa  of  carbonic  acid,  tlie  following  resnlts 
were  obtained : 


SX  ™"- 


Uninliirod  frog  . . 
Uniiniirad  bi^.. 
nnilnuredmt--. 
Blind  mammal  .. 


It  is  ooDcladed  that  light  has  "  a  oonBideiable  inflnence  on  metabolic 
activity.  It  increaaea  the  excretion  of  carbonic  a«id  and  the  ingestion 
of  oxygen,  bnt  this  influence  is  not  only  mediate  through  the  tyes,  it 
obtains  through  the  skin,  for  it  is  seen  in  eyeless  animals.  When  the 
eyes  only  or  the  skin  only  are  affected,  the  result  is  less  than  when  the 
whole  aJiimal  is  brought  under  its  influence.  The  tissues  are  no  less 
afi'ected  than  the  whole  body.  The  chemical  rays  have  greater  effect 
than  the  heating  ones,  and  the  result  that  light  has  a  chemical  influence 
on  metabolism  cannot  be  evaded."    (Abstract  from  J.  B.  M.  S.) 

EFPBCTS   OF  BTAHVATION. 

Surg.  D.  D.  Cunningham,  of  the  Indian  medical  service,  has  investi- 
gated the  physiology  of  starvation  in  certain  fungous  plants,  and  Am- 
phibaus  (of  the  tadpoles  of  a  toad — Bufo  melanoatictus  and  a  Irog — 
Rana  tigrina].'  Theresultof  his  investigation  was  to  demonstrate  that 
a  fatty  degeneration  and  disintegration  of  the  protoplasm  ensued,  and 
in  the  animHls  an  atrophy  of  the  intestinal  canal.  The  fatty  degenera- 
tion effects  in  the  greatest  degree  the  lining  cells  of  the  digestiTe  canal, 
and  this  in  time  is  completely  left  destitute  of  epithelium,  and  therefore 
no  longer  capable  of  fulfilling  the  functions  of  secretion  and  absorption. 
When  this  climax  is  reached  death  must  ensue,  but  as  long  as  any  of  the 
epithelium  is  left  (even  though  it  be  much  degenerated)  recovery  is  pos- 
sible. In  connection  with  these  experiments  Surgeon  Cunningham  has 
studied  the  phenomena  exhibited  by  starvation  in  the  case  of  the  in- 
habitants of  India  who  suffered  and  died  from  the  famine  lately  preva- 
lent in  that  country.  Although  patients  that  had  been  for  some  time 
deprived  of  food  showed  no  symptoms  of  actual  disease,'they  were  at- 
tacked by  diarrhoea  and  dysentery  with  almost  certainly  fatal  results, 
and  thus  was  indicated  inability  for  asBimilatiou.  A  post-mortem  ex- 
amination proved  that  there  was,  as  in  the  case  of  the  plants  and  ani- 
mals experimented  upon,  a  fatty  degeneration  of  the  tissues,  especially 
the  alimentary  canal.  So  long,  however,  as  the  sufferers  had  a  ^mall 
amount  of  nutriment  no  active  symptoms  were  manifested,  and  it  was 
only  when  they  were  afforded  a  generous  supply,  that  famine  dian'hcea 
and  dysentery  commenced.    The  most  rigorous  attention  and  regimen 


■  CunntDglKUU  (D.  D.).     Certain  effects  of  Btarvation  on  vegetable  aud  animal  tis- 
Buea.    Qwtrt,  Jour.  Mior.  Seienoe,  January,  1880. 
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were  foand  to  be  ineffectoal  in  advanced  cases ;  bnt  if  only  slight  degen- 
eration of  the  tissues  had  taken  place,  food  jadlciously  supplied  conn- 
teracted  the  effects  of  previons  privation.  As  sood,  however,  as  exten- 
sive degeneration  had  taken  pla<»  no  care  was  sofficieut  to  recuperate 
the  patient. 

EHIZOPODS. 

A.  NEW  "class"  op  EHIZOPODS.* 

As  long  ago  as  1859,  Professor  Haeckel  had  known  sever^  pecnUar 
forms  of  Bhizopods,  which  he  sabseqaenrly  described  in  a  monograph 
of  the  Badiolaria  as  representatives  of  three  distinct  families.  In  1879 
Bertwig  differentiated  these  forms,  with  others  snbseqnently  made  known, 
as  an  order  of  lladiolaria,  under  the  name  "  Tripyleie."  A  large  number 
of  forms  belonging  to  the  group  were  obtained  by  the  Challenger  expe- 
dition, and  have  been  subjected  to  a  critical  study  by  Haeckel,  and,  as 
Murray  first  showed,  "  a  striking  character  of  all  these  Rliizopods  is  the 
constant  presence  of  large  dark-brown  pigmented  granules,  scattered 
irregularly  ronnd  the  central-capsule,  and  covering  the  greater  part  of 
its  oater  surface."  This  extra  capsular  mass  is  called  by  Haeckel  the 
"phxeodinm"  (dark  brown  or  dusky).  "The  pheeodella,  large  brown 
grannies  of  the  '  phaeodium,'  are  not,  as  Murray  supposed,  trae  pigment 
cells,  as  a  true  cell  nucleus  can  not  be  observed  in  them ;  aud  the  natore 
of  the  peculiar  pigment  of  these  pseudo-cells  is  not  precisely  known; 
bat  the  qnantity  and  constancy  with  which  the  '  phseodium '  appears  in 
all  <  Phseodaria,'  while  it  is  wanting  in  all  the  typical  Badiolaria,  gives 
the  Phffiodaria  a  high  degree  of  systematic  importance."  On  account  of 
this  "  constant  presence  of  the  phceodium,  and  the  peculiarly  constmcted 
membrane  of  the  centraJ-capsale,"  the  type  thereby  differentiated  is  iso- 
lated and  a  distinct  "  class"  constitated  for  it.  The  species  generally 
attain  considerable  size,  in  comparison  with  other  Badiolaria,  and  are 
even  visible  to  the  naked  eye.  Many  are  a  half  millimeter  or  more  in 
diameter.  "  The  conspicuous  central  capsule  is  usually  round  or  sphe- 
roidal: it  is,  however,  often  egg-shaped  or  somewhat  oval.  In  many 
cases  it  is  monaxial ;  in  others  dipleuric.  Its  membrane  is  very  firm 
and  always  double,  the  onter  layer  very  thick,  the  inner  thin.  The 
opening  through  which  the  pseudopodia  appear  has  the  very  pecuUar 
structure  accurately  described  by  B.  Hertwig.  Many  Phfeodaria  have 
only  one  such  opeoiDg  (Monopslece),  others  have  two  at  the  opposite 
poles  of  the  ceotral-capsnlo  {Am,phipsl«(B),''  and  still  others  more.  The 
siliceoas  skeleton  is  extra  capsular.  Although  the  principal  forms  of 
this  group  have  analognes  among  the  typical  Badiolara,  they  are  nsa- 
ally  readily  distinguished  from  them.  Haeckel  has  proposed  ten  "  &m- 
ilies,"  and  these  have  been  segregated  by  him  under  four  "orders," 
disiingtushed  severally  by  characteristics  of  the  skeleton,  or  the  absence 
of  a  skeleton.  He  has  found  among  the  forma  examined  by  him  what 
lie  calls  more  than  2,000  new  species  I 

*  A.  new  olaoa  of  Bhizopodft.    JfaUire,  vol.  xxl,  pp.  449-461,  Miweh  II,  1680 
B.  Mis.  31 22 
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HTDROZOA  OE  ACALEPHS. 

WATEK  m  MEDUSA. 

Some  time  ago  it  was  stated  by  Professor  Mobins  that  in  a  specimen 
of  Aurelia  aurita,  firom  the  Bay  of  Kiel,  it  had  been  ascertained  that 
there  was  99.83  per  cent,  of  water,  and  conseqnently  tfae  solid  matter 
eoold  only  have  formed  a  small  fraction  of  1  per  cent.  Thiu  statement 
was  so  remarkable  that,  before  acceptance,  it  required  Teriflcation,  and 
Dr.  Krukenberg  has  recently  examined  specimens  of  the  class,  with  the 
object  of  verifying  or  disproving  the  allegation.* 

Specimens  of  Aurelia  found  at  Triest  were  examined,  and  it  was  found 
that  the  water  formed  only  from  95.81  to  95.79  per  cent,  of  tfae  total, 
the  solid  existing  in  the  ratio  of  from  4.21  to  4.66  per  cent.  Chryaaora 
iyoscella  aflForded  95,75  per  cent,  to  96.3  per  cent,  of  water,  and  there 
wa^from  3.7  to  4.25  of  solid  substances.  Alarge  specimen  of  Bhizostoma 
Cuvieri  was  found  to  contain  95.392  per  cent,  of  water,  and  consequently 
nearly  5  of  solid  matter,  of  which  there  were  1.608  per  cent,  of  organic 
and  3  per  cent,  of  inorganic  substances.  It  was  concluded  that  proba- 
bly the  Mednsfe  generally  exhibit  a  close  approximation  to  theHC  results, 
and  that  in  none  is  there  so  small  a  percentage  of  solid  matter  to  be 
found  as  in  the  case  instanced  by  Mobins. 

EXTBA-UABINS  MBDTTS^. 

There  is,  perhaps,  no  type  of  animals  that  has  been  generally  regarded 
asbeingsoeminentlycbaracteristicof tbeopenseaastheMedusie.  While 
representatives  of  the  class  exhibiting  the  hydriform  condition  have  of 
course  been  long  well  known  as  inhabitants  of  fresh  waters,  until  recently 
none  of  the  medusiform  groups  have  been  s^ieciaJly  noticed  as  having 
been  found  elsewhere  than  in  the  sea.  It  has  been  said  of  them  tbat 
they  dread  nothing  more  than  treah  water,  and  that  such  water  is  really 
poison  to  them ;  that  even  brackish  water  kills  them  immediately;  and, 
further,  tbat  they  need  a  water  rich  in  oxygen  and  constantly  renewed 
by  movements  of  the  waves  and  currents.  "The  MedvacE,  in  fact,  have 
almost  an  equal  dread  of  fresh  water,  of  stagnant  sea-water,  and  of  a 
slightly  too  high  temperature."  Several  cases,  however,  have  been 
recorded  within  the  la.st  two  years  which  must  materially  modify  the 
accepted  beliefs  with  reganl  to  their  habitat. 

FBESH-WATEB  MEDUSA. 

Mr.  Agassiz  has  shownf  that  the  idea  respecting  the  exclusive  con- 
finement of  Mednsie  to  perfectly  salt  and  clean  sea  water  is  exaggerated. 
He  records  that  in  an  estuary  back  of  Boston  harbor,  at  West  Boston 

"  C.  F.  W.  Krnkenborg.  On  the  distribution  of  tlie  water  of  the  organic  and  jnor- 
ganio  componnds  in  the  body  of  Iuvertebrat«8.  Vargl,-Pkymol.  Stud.  Eital.  Adria.  J, 
part  ii,  pp.  7&-106.     {J.  B.  M.  S.l 

t  Agtwedz  (Alexander).    As  quoted  in  Joant.  B.  Micr.  Soe.,  vol.  iii,  p,  968. 
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bridge  (about  one  mile  from  the  head  of  the  harbor),  and  where  the 
water,  at  the  last  part  of  the  tide,  ia  almoBt  firesh  and  has  a  very  slight 
salt  taste,  there  ie  an  abundance  of  Hydroids,  which  "thrive  remarka- 
bly well  CO  the  drainage  of  the  district,  and  grow  to  an  unnsually  large 
size."  The  species  which  have  free  medusaa  are  Eucope  diaphana,  K 
piriformis,  and  Obelia  commissuraUs,  and  these  are  twice  during  24  bouts 
of  the  day  exposed  alternately  to  salt  and  nearly  fresh  wat«r,  aud  thrive 
under  the  change,  both  in  their  hydriform  and  medusiform  conditions. 
Other  medusae  found  near  the  same  place,  and  which,  at  low  tide,  were 
in  fresh  water,  were  species  of  Sarsioe,  Piaropm,  and  Avrelta,  and  these 
seemed  unafi^ted  by  the  large  quantity  of  fresh  water  in  which  they 
were  foand. 

MEW  PALTJDICOLOTJS  MEDUSA." 

In  1870,  Dr.  Du  Plesais  discovered  "  in  the  middle  of  the  discharg 
iug  canal  of  the  salt-works  of  Villeroy,  near  Cette,"  a  Medasa  which 
inhabits  in  the  summer  the  stream  thereof  and  the  near-lying  waters. 
The  canal  is  about  two  or  three  yards  broad  and  one  deep.  "The  soil 
is  a  black  putrid  mud,  stinking  of  sulphureted  hydrogen,"  and  the  water 
is  perfectly  stagnant,  very  brackish,  and  exposed  all  day  long  to  the  full 
rays  of  the  sun.  "The  Medusa  always  inhabits  the  lower  surface  of 
islets  of  floating  alg%.  On  removing  these  it  ia  seen  clinging  like  a 
flake  of  jelly,  shining  like  crystal."  They  onlyoccurin  June  and  July, 
and  were  looked  for  in  vain  in  spring  as  well  as  in  September  and  Octo- 
ber. The  Medusa  in  question  was  ascertained  to  belong  to  the  genus 
Coametira,  a  representative  of  the  family  of  Oeeanidae,  and  is  very 
closely  related  to,  though  much  smaller  than,  the  Cosmetira  punctata, 
which  is  abundant  in  the  contiguous  sea.  Dr.  Du  Plessis,  who  described 
the  species  in  1879,  considers  that  it  furnishes  an  example  of  the  influ- 
ence of  the  snrrounding  medium  in  the  gradna!  modification  and  trans- 
formation of  one  species  into  another,  for  he  doubts  not  that  the  diminu- 
tive Cosmetira  ia  a  decendant  of  the  Cofimetira  punctata,  from  which  it 
has  become  modifled  and  reduced  greatly  in  size,  while  the  canals  and 
stomach  have  assumed  a  green  color,  and  the  general  rose-color  of  the 
oceanic  form  has  been  changed  into  violet,  while  the  tentacles  become 
black. 

A  FEBSH  WATER  JELLY-FISH,  t 

la  the  summer  of  1880  Mr.  Sowerby,  the  secretary  of  the  Eoyal  Bo- 
tanical Society  of  London,  noticed  quite  a  number  of  small  animals, 
which  were  soon  ascertained  to  be  medusee,  in  a  warm-wat«r  tank  in 

*DnPle«8i8,  O.  EtDdeBoilaCoamittiraaaliiiarDiu,  Bp.  ii.,DOUveUeMSdUBepa]udicole 
doa  eaviions  de  Cette.  liuIE.  Soo.  Faud.  (2,)  vol.  xvi,  pp.  39-45,  pi.  Also,  An.  Mag, 
Xat.  Sisl.  (5),  vol.  iii,  pp  385-389. 

tLankeater  (E.  Bay).  On  a  uew  Jelly-fish,  of  tha  order  Trachomedusce,  living  in 
freeh  water.  Nature,  vol,  xxii,  pp.  147-148,  Juno  17, 1880.  See  also  vol.  xsil,  pp.  177-181, 
(Lftnkcster,  Allmann,  BomoueB) ;  218  (Allmsnn) ;  241  (Laokester) ;  290  (Allmaim)  i  316 
(Lankester).  uu ,,,  'j  t-,  dOOQlC 
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whicli  plants  of  the  Victoria  regia  were  growing  in  the  garden  of  thist 
society.  The  water  in  the  tank  ha4  a  temperatore  of  about  90°  F.,  and 
was  literally  swarmiDg  with  the  little  medusae,  the  larger  of  which 
measured  nearly  half  an  inch  in  transverse  diameter.  They  were  very 
enei^etic  in  their  swimming,  and  displayed  the  charaeteristic  systole 
and  diastole  of  the  umbrella,  and  were  Nourishing  apparently  in  the  very 
conditions  which  contribute  most  completely  to  their  well  being.  Speci- 
mens of  this  form  were  obtained  by  Proi^.  E.  Bay  Lankester  and  Geo. 
G.  Allmann,  and  described  by  the  former  June  17,  and  by  the  latter  Jnne 
24,  in  ' '  I^ature  " ;  by  the  former,  under  the  name  Crtupedaeugta  Sowerbii, 
and  by  the  latter  as  Limjiocodiuta  Vietoria.  Subsequently  an  attempt 
to  compromise  on  the  name  was  made,  and  Professor  LaukeBter  desired 
to  perpetuate  the  designation  of  Limnoeodium  Sowerbii.  Inasmuch, 
however,  as  Craspedaeuata  was  first  used  aud  accompanied  by  a  satis- 
f^tory  diagnosis,  there  can  be  no  question  bat  that  conformity  with 
the  laws  of  nomeuclatare  compels  its  retention.  The  most  characteristic 
feature  of  the  new  form  is  the  development  of  otoliths  and  velar  canals. 
The  otoliths  are  "  placed  along  the  line  of  insertion  of  the  velum — about 
80  in  number  {fewer  in  small  specimens),  rrom  16  to  20  are  placed 
between  successive  perradial  tentacles-arranged  in  groups  of  two  ortiiree_ 
between  the  successive  secondary  tentadles."  The  velar  centrifugal 
canals  "  (which  are  really  the  elongated  otocysts)  are  peculiar  to  this 
genus ;  passing  &om  the  otoliths  (one  inclosing  each  otolith)  into  the 
velum,  and  then  ending  blindly.  They  appear  to  correspond  to  the 
centripetal  canals  found  in  other  Trachomednsse,  in  the  disk."  By  Pro- 
fessor Lankester  it  is  claimed  that  Craspedacuata  belongs  to  the  £imity 
Petasid^e  amoug  the  Trachomeduste,  which  are  distinguished  by  the 
development  of  "./imr  radial  canals,  in  the  course  of  which  fonr  gonads 
lie,  with  a  long  tubular  stomach,  and  no  stomach-stalk."  Accordiog  to 
Professor  Allmann,  however,  while  some  of  the  characters  "point  to  an 
afi&nlty  with  both  Trachomednsse  and  Narcomedosse,  this  affinity  ceases 
to  show  itaelf  in  the  very  important  morphological  element' afforded  by 
the  marginal  bodies.  In  both  TrachomeduBte  and  Karcomednsie  the 
marginal  bodies  belong  to  the  tentacular  system ;  they  are  metamor- 
phosed tentacles,  aud  their  otolite  cells  are  endodermal,  while  in  the 
Leptomeduste,  the  ouly  other  order  of  craspedototal  MednsEe  in  which 
marginal  vesicles  occur,  these  bodies  are  genetically  derived  from  the 
velum,  flow,  in  Limnooodiumthe  marginal  vesicles  seem  to  be  astmly 
velar  as  in  the  Leptomedasie.  They  occur  on  the  lower  or  abumbral  side 
of  the  velum,  close  to  its  insertion  into  the  umbrella,  and  the  tubular  exteu- 
siou  of  their  capsule  runs  fdong  this  side  to  the  free  margin  of  the  velum, 
while  the  delicate  epitheUnm  of  the  abnmbral  side  passes  over  them,  as 
in  the  Leptomednsse.  It  is  true  that  this  point  cannot  be  regarded  as 
settled  until  an  opportunity  of  tracing  the  development  is  afforded ;  but 
in  very  young  specimens  whidi  I  examined  I  foond  nothing  opposed  to 
the  view  that  the  margmal  vesicles  were  derived,  li^  those  of  the 
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LeptomedusiB,  fi'om  the  velam."  It  is  concladed  that  Limnocodium  "  will 
hold  a  position  intermediate  between  the  Leptomedus^  and  the  Tracho- 
medusse ;  bat  aa  the  greatest  systematic  importance  mast  be  attached 
to  the  stractnre  and  origin  of  tbe  marginal  vesicles,  its  afltnity  with  the 
Leptomedosse  mast  be  regarded  as  the  closer  of  tbe  two." 

ECHINODEBMS. 

±  NEW  OSDEB  OF  HOLOIHUBIOID  ECHINODEBAIS* 

Quite  a  number  of  remarkable  forms  have  been  procnred  within  the 
last  five  years  at  great  depths  of  the  ocean  in  various  parts  of  tbe  world, 
and  these  have  been  recently  bronght  together  by  Hjalmar  Th^el  in  one 
group,  differentiated  as  an  "  order  "  closely  related  to  the  Holothurioidea. 
These  newly  discovered  forms  essentially  resemble  the  Holothurioids  in 
general  stmcture.  It  is  noted,  however,  that  the  Holothurioids  are 
mostly  fusiform  or  cylindneal  in  shape,  althonghsome  (e.  ff.,  Psolug  and 
Cuvieria)  are  most  decidedly  bilateral;  the  radiate  symmetry  prevails  so 
far  externally  that  the  five  radial  ambulacral  vessels  and  then:  appendages 
are  generally  similar,  or  nearly  so,  and  rnn  symmetrically  at  equal  dis- 
tances from  one  another  from  the  anal  to  the  apical  i>ole,  and  they  may 
be  even  used  indifferently  for  the  purpose  of  progression ;  but,  never- 
tbelesSjOf  these  five  ambulacra,  three — conatitutingthetrivium — are  ven- 
tral, and  the  other  two — the  bivium — are  dorsal.  While  such  is  the  rule 
howevo?  the  exceptions  are  snch  as  to  compel  us  to  be  cautious, 
lest  we  place  an  undue  value  on  deviations  even  much  less  than  those 
recognized  as  occnning  in  forms  universally  conceded  te  be  true  repre- 
sentatives of  the  order. 

In  the  newly  discovered  forms  the  body  is  always  "  distinctly  bilat- 
eral," (1)  "  the  lateral  ambulacra  of  the  trivium  bearing  large,  stightiy 
retractile  pedicels,  disposed  either  in  a  single  row,  or  sometimes  in  two 
rows,  along  each  Edde  of  the  ventral  surface,  and  sometimes  with  another 
series  of  larger  highly  elongated  not  retractile  processes  placed  exter- 
nally and  above  the  pedicels ;  pedicels  of  the  two  lateral  ambulacra 
symmetrically  arranged,  being  more  or  less  distinctly  opposed  across  the 
ventral  surface";  (2)  "the  odd  ambulacmm  naked,  or  very  seldom  with 
a  few  mdimentary  pedicels  " ;  (3)  "  bivium  provided  with  very  long,  not 
retractile  processes,  often  disposed  in  one  or  more  rows  along  each  of  its 
ambulacra,  and  more  or  less  distinctly  opposed  across  the  dorsal  surface, 
or  with  only  a  few  rudimentary  ones  in  its  anterior  part,  or  with  a  single 
very  large  one  resembling  a  broad,  branched  or  unbranched  lobe,  and 
near  to  it  some  small  papillte;**  (4)  there  are  "  no  respiratory  trees;" 
and  (5)  the  integument  is  ''naked,  spiculons,  or  plated."  Such  are  tbe 
characteristics  common  to  the  forms.  While  the  ordinal  value  of  this 
type  may  perhaps  be  generally  disputed,  the  forms  are  of  no  little  in- 

*  ^jalmaT  Tb^I.  The  Eloamopoda,  ft  new  order  of  Holothuridea.  Aofwre,  vol.  xxi, 
pp.  470-473,  Maicli  18, 1880. 
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terest.  Tea  distiDOt  genera  have  been  differentiated  and  are  represented 
by  seventeen  known  species.  These  have  all  been  obtained  in  the  deep  sea, 
at  great  depths.  They  exhibit  extraordtaary  proportions  and  develop- 
ment of  the  ambulacral  appendages,  and  their  singularities  have  given 
rise  to  some  remarkable  generic  namea,  aa  Deima  (a  fright),  Oneiro- 
phanta  (a  vision),  Ilyodemon  (ooze  siiirit),  and  Irpa  and  Kolga  (both 
oarneB  derived  from  the  Norse  mythology).  "  One  group  is  very  gelati- 
nous, and  of  a  rich  parple  color  j  others  are  gelatinous,  gray,  and  semi- 
transparent;  while  another  series,  and  among  these  the  most  fantastic 
of  the  whole,  are  yellowish,  and  have  a  crustaceous  test,  with  a  thick 
layer  of  calcareous  plates,  often  running  out  into  strangely  shaped  pro- 
cesses. A  peculiar  little  group  from  the  Antarctic  Sea  are  little  more 
than  a  gelatinous  membrane,  covering  an  enormously  distended  intes- 
tine, filled  with  diatom  ooze."  It  is  evident  that  the  type  is  quite  char- 
acteriscic  of  the  abyssal  f^una,  for  in  most  hauls  of  the  dredge  made  in 
very  great  depths  forms  are  brought  up  in  considerable  number. 

BYSIEM  OP   STAir-PISHES. 

Mr.  G.  Yiguier  has  investigated  the  comparative  anatomy  of  the  skel- 
eton of  star -fishes,  and  in  connection  therewith  has  applied  the  data 
gained  to  the  revision  of  the  system.*  He  first  recognizes  two  primary 
groups,  to  which  he  gives  (with  doubtful  propriety)  the  name  of  sub- 
classes, and  then  divides  these  sub-classes  iuto  families,  chi^acterized 
in  the  main  by  modifications  of  the  frame  work,  as  well  as  by  the  char- 
acter of  the  odontophore,  teeth,  and  pedicUlaria. 

The  first  sub-class  includes  the  typical  star-fishes  and  related  types, 
as  the  Asteriad^,  HeUasteridae,  and  Brisingidse,  which  have,  as  eommou 
characters,  the  mouth  of  the  ambulacral  typej  pedicilaria  pedunculate, 
and  straight  or  claw  shaped,  and  the  ambulacra  generally  in  fonr  rows. 
The  second  sub-class  is  richest  iu  representatives,  and  these  have  a 
mouth  of  the  adambniaoral  type,  the  pedicellaria  sessile  and  valvular, 
and  the  ambulacra  are  always  biserial.  Seven  families  are  distin- 
guished by  the  names  Eohina»terid<B.  lAnekiadce,  QoniastendcB,  Asterini- 
dcB,  PterasteridcE,  Astropeotinidte,  and  Archasteridie. 

A   GENEEALIZED   STAB-FISH. 

A  form  of  star-flsh  (ushig  the  word  in  its  broadest  sense)  has  been 
found  iu  the  sea  about  Madagascar,  which  is  remarkable  for  certain  of 
its  characters,  for  although  in  truth  an  ophiuroid,  it  exhibits  some  fea- 
tures approximating  it  to  the  asteroids.  According  to  the  describer  (Mr. 
W.  Percy  Sladen),*  indeed,  the  characters  of  Asteroidea  and  Opbiu- 
roidea  are  combined  iu  singular  manner.    The  disk  is  enlarged  and  peu- 

"VigDier  (C.).  Anatomiecompiu^  da  aquelette  des  Stell^rides,  in  .Jrcjiiivn  2i>oI.  ex- 
jnfrim.,  t.  vii,  pp.  32-250. 

*  Sladen  (W.  P.).  On  the  Stmcture  of  ABthrophinTa,  a  new  and  abenant  genua  of 
Echmodermata.    Ann.  Mag.  Nat.  But.  (5,)  ya\.  iv,  pp.  401-115,  pL  SO. 
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tagonal  and  tbe  raya  singularly  abbreviated  and  aborted,  so  that  tbe 
form  is  very  onlike  tm  ordinary  ophioroid.  In  fact  the  arms  are  for  tbe 
greater  part  of  tbeir  lengtb  inclosed  in  a  disk  formed  of  caleareoas 
plates  both  above  and  below,  but  only  a  small  portion  of  jointed  arm 
projects  from  each  angle  of  the  pentagon  thus  formed,  and,  with  the 
structure  along  the  lines  of  the  arms  on  tbe  lower  surface,  reminds  one 
of  the  ophinrids.  It  is  contended  that  the  whole  skeleton  structure  is 
due  to  the  abnormal  development  of  tbe  ordinary  plates  of  the  ophiurid, 
but  at  the  same  time  in  the  structure  of  the  animal  a  number  of  charac- 
ters are  observable  which  tend  toward  the  asteroids,  such  as  a  great 
development  of  tbe  ambulacral  system,  with  formation  of  supplementary 
plates  separating  the  tentacular  compartments,  the  extension  of  the  peri- 
toneal cavity  into  the  radial  portions  of  the  animal,  and  the  organiza- 
tion of  the  mouth. 

Mr.  Sladen  concludes  with  some  general  remarks  on  tbe  characteris- 
tics and  relations  of  this  new  type.  He  argues  that  "  the  pentagonal 
flattened  gonio-discoid  body,  combining  within  its  area  representatives 
of  the  whole  free  radial  system,  as  well  as  of  the  disk  of  the  typical 
Ophiuran,  presents  ns  with  nothing  less  than  tbe  anomaly  of  an. organ- 
ism having  ophinroid  ray-plates  expanded  and  then  consolidated  along 
with  their  disk  into  a  pentagonal  asteroid  form  of  test.  Such  a  re- 
markable arrangement  of  the  entire  brachial  series  and  abnormal  devel- 
opment of  the  side  arm-plates  is,"  he  says,  "  so  far  as  I  am  aware,  quite 
'  without  a  parallel  amongst  the  Opbiuroidea,  and  constitutes  a  character 
which  I  regard  as  an  approach  to  the  structure  of  the  Asteroidea.  Al- 
though it  may  be  asserted  that  the  resemblance  is  largely  superficial, 
and  that  the  plates,  when  taken  individaally,  are  truly  ophiuroid  after 
all,  the  objectiou  is  coanter-balauced  by  tbe  fact  that  this  combination 
of  radial  and  iuterradial  systems  within  a  common  periphery  involves 
morphologically  a  principle  of  much  higher  import  than  simply  outward 
form,  and  to  which  testimony  is  borne,  more  or  less  folly,  by  each  of  the 
following  particulars,  that  is,  (1)  "  tbe  limitation  of  the  tentacular  pore- 
system  to  the  disk";  (2)  "the  extremely  rudimentary  condition  and 
aborted  character  of  that  x>ortion  of  the  radial  series  which  is  prolonged 
beyond  the  body-disk,  and  which  seem  to  give  indications  of  disuse  and 
cessation  of  function  in  this  area  of  Ophiuroid  organization,  followed  by 
a  localization  of  function  according  to  the  plan  of  Asteroid  organiza- 
tion";  (3)  "the  extraordinary  development  of  the  tentacular  or  ambul- 
acral system  as  compared  with  its  usual  standinginOphinrian  anatomy, 
together  with  a  most  extreme  modifleation  of  tbe  mnscahu*  system  char- 
acteristic of  that  group,"  indicating  unequivocally  a  tendency  toward  tbe 
growth  of  Asteroid  characters;  (4)  "  the  prolongation  of  the  i>eritoneal 
cavity  into  the  radial  portion  of  tbe  animal,"  evincing  "  a  divergence 
towards  a  structure  usual  in  the  Asteroid  group";  (5)  the  simple  and 
rudimentary  character  of  the  month  armature,"  which  differs  &om  the 
ophioroid  and  approximates  the  asteroid  type;  and  (6)  "the  aborted 
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character  of  the  axis  or  internal  arm- skeleton."  In  fine,  tlie  oharac- 
teristins  of  the  new  type  are  sneh  as  to  isolate  it,  at  least  with  family 
valae,  &om  all  the  other  Ophiuroids,  and  thia  la  established  nnder  the 
name  "  Astropkiurida,"  by  Mr.  Sladen,  wtfb  the  following  character- 
istica: 

The  arms,  with  an  Ophiaroid  disk,  included  in  a  pentagonal  body ; 
the  teeth  absent ;  the  armature  of  the  month  simple  and  imperf^t ;  tlie 
pores  for  the  ambnlacral  feet  separated  by  narrow  septa,  which  areper- 
pendioolar  to  the  rays ;  the  interbrachial  cavity  very  broad. 

WORMS  AND  WOEM-LIKB  ANIMALS. 

MODIFIOAXIONS  OP  WOEM-TTBE. 

The  arrangement  of  worm-like  animals  in  the  systema  Jtaiurw  has  taxed 
the  learning  and  ingenuity  of  natnr^ista  to  a  high  degree,  and  especially 
during  the  last  quarter  of  a  century.  Within  the  last  two  years  sev- 
eral attempts  have  been  submitted,  exhibiting  the  widest  diversities  from 
each  other.  Whatever  may  be  the  ultimate  verdict,  it  is  qnite  cert«iin 
that  there  is  no  concurrence  now  as  to  the  value  of  the  characters  used 
to  distinguish  the  various  groups.  As  an  indication  of  some  of  the  tend- 
encies in  the  taxonomy  of  the  types  in  question,  several  of  the  sys- 
tematic expositions  are  noteworthy. 

Mr.  A.  Giard,  in  connection  with  a  communication  on  the  Orthonectida, 
gives  his  peculiar  views  of  the  worm-like  animals.* 

The  name  Vermes  is  accepted  as  the  designation  of  a  "  sub-kingdom" 
which  includes  Orthonectida,  Dicyemida,  Trematoda,  Cestoda,  and  Tur- 
bellaria. 

The  name  Oymkotoca  is  suggested  for  the  "Annelida  and  associated 
groapa,''  as  weil  as  the  Bryozoa,  and  also  the  true  MoUusca.  {The 
Tunicata,  he  thinks,  "must  be  placed  at  the  foot  of  the  aub-kingdom 
Vertebrata.") 

The  designation  Neiuateluia  is  used  tac  the  Nematoida,  Echinorhyn- 
oha,  Desmoscolecida,  G-astrotricha,  &C. 

THE  INTESTINAI,  VTOEMS  OP  THE  HORSE  OP  DENMARK. 

Dr.  H.  Krabbe  has  investigated  the  relative  frequency  of  occurrence 
of  different  entozoa  of  the  intestinal  canal  of  the  horse  in  Denmark.! 
The  following  is  the  ratio  to  the  hundred  for  the  different  species  ascer- 
tained, which  are  six  in  number,  namely : 

Times, 

Twnia  perfoliata  28 

"     mamiUana 8 

•QiardCA.)-  The  Orthonectida,  anew  class  of  the  Phylum  of  the  Worms.  'Qnart 
Jour.  Mior.  iSti.,  vol.  xs.,  pp.  235-240. 

t  Erabbe  (H.).  Beaearohee  on  the  occurrence  of  Intestinal  Worms  in  th<i  inteatinal 
caiial  of  the  Horse.    Jftit.  3foff.  ilTot.  fli«(.,  (5,)  vol.  vi,  pp.  96,97.       (  i  . 
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Aaoarw  megaloc^hala 16 

8trongylu8  armatii» 83 

"         tetracanthvs  (in  67  out  of  86  Iioraes) 78 

Oxyuris  curvula 2 

A  KEtf  TYPE  OF  PABASITIO  ■WOEMS. 

SorgeOD-Major  G.  E.  DobsoD  haa  recently  made  known  a  remarkable 
parasitic  vorm  found  in  the  intestioe  of  an  African  bat  (Megaderma 
frotu).  This  bas  lately  been  examined  by  Dr.  J.  B.  McDonald"  as  well 
as  by  Surgeon  Dobson.  The  former  remarks  that  at  first  he  agreed 
with  Surgeon  Dobson  in  thinking  that  it  represented  a  new  order  of 
Annelids,  but  he  is  now  disposed  to  look  npou  it  as  a  new  type,  whose 
alliance  is  rather  with  the  Nemntoda.  Sargeou  Dobson  considers  it  as 
the  type  of  a  new  order  of  worms,  which  he  calls  Metabdellada,  and 
which  he  refers  to  the  "ArchsBOstomatii,"  among  which,  it  is  to  be  inter- 
I>08ed  between  the  Rotifers  and  the  Trematods. 

THE  CLASS  OF  OBTHOHECTIDS.t 

In  1877  Mr.  A.  Giard,  of  Paris,  described  some  parasitic  a  .iinals  of 
Tery  low  organization  as  tiie  constituents  of  a  peculiar  class  to  which  he 
gare  the  name  Orthoneetlda.  These  Orthonectida  present,  as  a  perma- 
nent feature  of  their  existence,  the  plannla-form,  which  is  one  of  the  em- 
bryological  stages  of  most  animals.  They  occur  as  parasites  in  Xemer* 
teans  and  Ophinroids.  Mr.  Giard  has  since  supplemented  his  original 
observations  and  studied  their  reproduction.  Their  movements,  inde- 
pendent of  vibratile  cilia,  are  due  to  the  presence  of  muscle-like  bands 
belonging  to  the  endodermic  cells  and  forming  a  splanchno-pleural 
" pseudo-mesoderm."  Eeproduction  is  effected  in  two  ways:  (I)  sex- 
luUly  and  (2)  by  gemmiparity.  In  the  former  course  it  is  (a)  by  the  for- 
mation of  a  6I(Utuia  or  (&)  by  the  production  of  an  epibolicgastrula  which 
finally  closes,  and,  in  botJi  cases,  there  ensues  a  iwrmanent  planula  state 
with  a  metamerized  ectoderm.  In  the  latter  course  gemmiparity  super- 
venes in  the  interior  of  enormous  sporocysts  formed  by  the  endoderm  of 
the  progenttve  auimal.  It  is  as  a  result  of  gemmiparity  that  the  Ortho- 
nectids  are  met  with  in  abundance  in  their  host.  The  Orthonectids,  it  is 
concluded,  "are  Gastrseada  brought  by  parasitism  to  the  state  olplanulaf" 
and  their  importance  on  the  "Gastriea  theory"  is  very  great.  (See, 
also,  Mctschnikoff  in  Zool.  Anzeiger,  vol.  ii,  p.  547.) 

'Uacdonald  (JobnDeniH).  OulheaDatomyof  a  uew  parasitiG  worm  found  is  tbe  in- 
testine of  a  bat  (Megaderma  fivna).  Ann.  Mag.  Sat.  HUt.,  (.'>,)  vol.  rl,  pp.  409-411, 
pi.  SI.  Also,  Dobson  (Q.  E.).  NoteonPterogodermatiteNMacdonaldii ;  tbetjpeof  a 
new  order  of  Varmes.     A*n.  Mag.  Kal.  Hitt.  (5),  vol.  -vi,  pp.  41S-414, 

tGiaid  (A.).  On  the  organizatioii  andclaasifloationof  tbeOrtboneotJde.  Ann.  and 
Mag.  SdL  SM.,  (S,)  vol.  iv,  pp.  471-473.    From  C<mpte»  Bendiu,  September  8S,  1879. 
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A  HEW  PRIMITIVE  TYPE  OP  ■WORMS.* 

The  genus  Polj/gordiua  has  been  supposed  to  represent  one  of  the  most 
primitive  forms  of  Annelids,  bat  in  1880  Dr.  Hatscliek  made  known  a 
species  which  seems  to  be  still  more  simple  in  its  organization,  and  there- 
fore to  exhibit  the  most  archaic  form  in  which  the  Annelidan  structure 
is  known  to  exist  at  the  present  day.  This  new  form  has  been  named 
Protodrilus  Leuckarti,  and  was  found  near  Messina.  The  inferiority  of 
its  organization  is  manifest  especially  in  the  nervous  system,  the  ven- 
tral ciliary  groove,  the  blood  vascular  system,  and  the  intestine.  The 
muscular  system  resembles  that  ot  Polygordius.  "  The  ner\-ous  system  is 
difficult  to  make  out  io  the  living  olfject,  the  ganglionic  nature  of  the 
frontal  ganglion  being  indistingaishable  and  the  presence  of  the  organ 
merely  indicated  by  a  thickening  of  the  integument ;  the  sensory  organs 
are  represented  by  two  transverse,  elongated,  ciliated  slits,  placed  on  the 
dorsal  surface  of  the  anterior  portion  of  the  head.  There  are  no  pig- 
mented eyes."  The  intestine  has  no  rectal  division.  "  Just  behind  the 
mouth  there  opens  into  the  cesophagos  a  muscnlar  organ  of  a  compli- 
cated form,  and  terminating  bUudly  in  a  chitiuous  vesicle  very  similar 
to  the  same  organ  in  Polygord'tvs;  it  has  a  function  which  still  remains  to 
be  discovered."    (Condensed  from  J.  R.  M.  8.,  vol.  iii,  pp.  791-792.) 

POLTGOEDIUS   AND  ITS  RBLATI0N8   TO  OTHER  WORMS. 

A  worm-like  form  that  has  excited  much  interest  and  has  been 
regarded  as  the  most  primitive  of  Annelids  is  the  genas  Polpgordiua. 
What  is  now  known  to  be  the  larva  of  this  form  has  been  long  known, 
and  bad  excited  considerable  speculation,  but  its  parentage  was  discov- 
ered but  lately.  Br.  Hatschek  has  been  able  to  verify  the  develop- 
mental stages  of  this  type,t  and  has  recognized  six;  (1)  That  prior  to 
segmentation,  when  the  embryo  is  small  and  transparent,  broader  than 
long,  aud  divided  into  two  parts  by  two  parallel  circlets  of  cilia  in  the 
middle  line,  with  the  mouth  placed  between  these  and  the  arms,  and 
the  latter  opening  at  the  inferior  pole  of  the  body,  and  with  two  eye 
spots  above;  [2)  the  primitive  segments  of  the  body  appear,  the  meso- 
derm is  further  developed,  as  is  also  the  posterior  circlet  of  cilia ;  (3) 
the  larva  becomes  elongated,  differentiation  of  the  ventral  cord  and 
antennas  eusaes,  and  a  ciliated  pit  supervenes  on  either  side  of  the  bead, 
and  represents  apparently  the  future  olfactory  organ  ;  (4)  the  walls  of 
the  enteric  cavity  become  strengthened  by  the  apposition  of  the  proper 
division  of  the  mesoderm,  and  the  posterior  circlet  of  cilia  becomes 
greatly  developed ;  (5)  the  cuticle  of  the  trunk  becomes  thicker,  and  the 

'Hatschek  (B.).  ProtodriluB  Lenckartii,  eine  neue  Oattoug  der  ArcliiaimeliileB, 
Ar6.  Zool.  Imt.  Wien,  vol.  iu,  pp.  79-92,  with  2  pi. 

tHstachek  In  Joar,  Bog.  MUir.  Soo.,  vol.  ii,  pp.  563-567.  Also,  Ginrd  (A.).  Sorles 
ftfflnit^  dn  genm  Polypordiiu  aveo  lea  Ana^Mes  de  la  famille  des  Opbetiide.  Comptdi 
Betidua  Ae.  SiA.  Paris,  toI.  zci,  pp.  341-343.  (Tnuuaated  in  Av,%.  Mag.  Kal.  Ekl.,  (5,) 
VOL  vi,  pp.  321-326.) 
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legion  of  the  head  becomes  mnchmore  like  what  it  wiU  be  in  the  adult, 
while  its  circlets  of  cilia  begin  to  disappear;  (6)  two  distinct  regions 
become  apparent  in  the  bead,  the  tentacles  become  promioent,  the  walls 
of  the  mid-gut  are  considerably  thickened ;  and  there  is  still  a  mass  of 
roanded,  indifferent  cells,  which  appear  to  be  the  rudiments  of  the  gen- 
erative products. 

Taking  these  different  stages  of  development  into  consideration.  Dr. 
Hatschek  indorses  the  view  that  Polygordius  is  an  Annelid,  although  it 
manifests  many  points  in  adult  structure  which  are  merely  embryonic  in 
other  forms.  Polygordius  thus  represents  what  may  be  designated 
Archi- Annelids  or  primitive  Annelids,  and  its  affiliations  with  the  other 
types  are  indicated  as  follows : 

Annelides. 

First  order,  Folygordiidw. 
Second  order,  Ckatopoda. 

First  suborder,  Sacoooinidce. 

Second  suborder,  Polychata. 

Third  suborder,  Oligoehwta. 
Third  order,  Himdinea. 
Fourth  order,  Qepbyrea. 
(Condensed  fixim  J.  B.  M.  8.,  vol.  ii,  pp.  663-567.) 

PLATYBELMINTHES. 
PARASITIC  PLANABIANS. 

Inasmuch  as  extremely  few  parasitic  Flanariaos  have  been  hitherto 
recognized,  the  discovery  by  I>r,  von  Ihering  of  one  which  occurs  in  the 
kidney  of  Murex  is  noteworthy.*  The  new  form  has  been  called  QrafflUa 
muricicola,  and  is  easily  perceptiblQ  in  that  organ  by  its  reddish-broWn 
coloration.  It  attains  a  length  of  about  5  millimeters,  and  is  distin- 
guished by  the  development  of  a  thick  anterior  and  narrow  tail-like 
posterior  region,  quite  distinctly  marked  off  &om  each  other.  But  the 
most  prominent  characteristic  of  Oraffilla  is  the  structure  of  the  pbarnyx  j 
this  is  not  provided  with  a  special  sac  or  pooch,  and  in  this  respect  the 
new  form  is  distinguished  from  all  similar  sjiecies,  and  Is  therefore  tuatle 
not  only  the  type  of  a  distinct  femily,  but  a  distinct  group  of  Ehabdocoela. 
These  it  is  proposed  to  divide  into  (1)  such  as  have  a  pharyns  ( PAo- 
ryngea),  and  (2)  such  as  are  deprived  of  a  pharynx  (Apkaryngea).  To 
tiie  former  group  the  GrafBllidEB  belong ;  but,  as  already  indicated,  they 
are  differentiated  flxtm  all  the  other  Pharyngea  by  the  absence  of  a  special 
pharyngeal  pouch,  and  therefore  stand  in  a  section  apart  from  the  rest. 

Another  paraaitio  Flanarian  has  been  found  by  Dr.  Arnold  Lang  in 

'  Diering  (H.  you).  Giaffllla  marioicola,  eiue  panuitischu  Bliabdocwie.  Zeilidir. 
/.  Wiu.  Zooh,  ToL  xxziv,  pp.  147-174. 
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the  foot  of  Tethyg,*  bnt  at  the  saine  time  it  is  coi^ectQred  that  it  doee  not 
reside  there  permanently.  This  form  has  not  been  named,  bnt  has  been 
considered  to  be  closely  allied  to  Graffilla  muricicola.  The  pharynx  was 
feeblj-  developed  and  appeared  to  be  destitute  of  a  sheath.  No  peripheral 
nerves  or  special  organs  of  sense  or  water- vessels  were  observed.  The 
female  organs  were  well  developed;  but  in  none  of  the  specimens 
examined  coald  the  male  organs  be  detected  except  in  a  rudimentary 
,  condition. 

THE  GBOUPS  OP  HEMEBTEAN  WOBS^. 

The  IITeiuertean  worms  have  been  examined  with  relation  to  their  genera 
and  systematic  relations  inter  «eby  Dr.  A.  A.  W.  Hubrecht-t  It  is  claimed 
that  the  genera  proposed  for  the  European  forms  must  be  reduced  to  four- 
teen. These  are  grouped,  first,  into  two  sections,  one  distingnished  (Hoplo- 
tiemertini)  by  the  mouth  being  in  front  of  the  ganglia  and  the  proboscis 
furnished  with  stylets,  and  the  second  (nameless)  by  the  mouth  situated 
behind  the  ganglia  and  the  proboscis  destitute  of  stylets.  The  latter  are 
subdivided  into  (1)  Sckizonemertini,  distiugnished  by  the  development 
of  a  deep  lateral  fissure  on  both  sides  of  ttie  head;  and  (2)  PaUeonem- 
ertini,  characterized  by  the  absence  of  such  fissures.  The  three  groups 
80  named  are  designated  as  ''suborders." 

The  suborders  are  essentially  the  same  as  the  three  families  generally 
admitted,  and  which  are  much  better  so  designated  than  as  suborders. 
The  genera  admitted  are  segregated  under  nine  families,  and  are,  for  (1) 
the  Hoplonemertini,  N&nertes,  Oerstedia,  Prosorhochmus,  TetrastemmOf 
Amphiporus,  and  Drepanophorus ;  in  (2)  the  Scliizonemertini,  Langia, 
Cerebratulus,  Borlasia,  and  lAjieitB,  and  in  (3)  the  Palseonemertini, 
Valendnia,  Folia,  Cephalothrix,  and  Carinella.  (Condensed  from  J.  E, 
M.S.) 

The  author  seeks  to  determine  the  phylogeny  of  these  forms,  but 
the  data  apparently  are  not  safBcient  for  snch  purpose. 

A  PARASITIC  N&HEBTEAK. 

More  than  a  ceutnry  ago  (in  1779)  O.  F.  Miiller  described  a  worm  which 
has,  until  lately,  been  regarded  as  being  a  kind  of  leech.  This  form 
has  been  named  Malaeobdella  groaaay  and  the  specimens  occur  parasitic 
in  Gyprina  Islandica.  Ae  indicated  by  the  name,  Malaeobdella  is  charac- 
terized by  a  very  soft  body,  and  its  width  is  nearly  the  same  as  the 
length,  except  in  the  region  of  the  sucber ;  its  muscular  system  is  charac- 
teristic; the  mouth  is  placed  at  the  anterior  end  and  is  a  transverse 
cleft ;  the  proboscis  is  white,  and  is  destitute  of  any  armature  or  spines ; 
the  pharynx  very  white  and  visible  through  the  transparent  integument ; 
the  intestine  narrow  and  dark.    On  account  of  this  union  of  characters 

*  Lang  (Arnold).  NotizttbereineiiiieneitPaTasitoiideTTethygaiisderAbtheilungdra 
Tbabdocoelen  TnibeUarien.    Hittkeil.  Zool.  SUiUoit  Neapel,  vol.  ii,  pp.  107-112. 

t  Hubiecht  (A.  A.W.).  TheGenera  of  EnropeaaNemeiteattscritdcallr  revised,  with 
doacriptioaa  otaeTetal  new  epecies.    Xotet  iftu.  Leydat,  No.  iv,  pp.  193-^33. 
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by  which  it  contrasts  wifli  all  the  three  previonsly  recognized  fomilies, 
Von  Kennel  has  lately  proposed  to  isolate  it  as  the  type  of  an  inde- 
pendent one.  This  family  {Malacobdellido))  is  dlstingaished  by  "the 
dermo  muscalar  layer  arranged  in  an  external,  circular  or  an  internal 
longitndinal  layer;  the  absence  of  spines  to  tiie  proboscis ;  the  non- 
development  of  cephalic  grooves  or  lateral  organs ;  the  intestme  simple 
and  forming  several  coils;  the  nerve-tmnks  firee  from  the  muscular 
system  and  united  posteriorly  by  an  anal  commissni-e,  and  the  develop- 
ment of  a  sucker  at  the  posterior  end."  * 

CH^TOGNATHA. 

BELATIOnS  OF  THS  OH^TOGNATHA. 

A  form  that  derives  considerable  interest  from  the  speculations  that 
have  been  entertained  about  it  by  the  earUer  naturalists,  is  the  worm 
group  known  as  Sa^tta,  and  for  which  the  order  Cheetognatha  has 
been  instituted.  An  elaborate  monograph  of  this  order  has  been  pub- 
lished by  Dr.  Hertwig  during  the  past  year,  and  he  has  especially  inquired 
into  the  subject  of  its  relationship  with  other  types. 'f  He  recalls  the 
investigations  of  Kowalevsky  and  the  application  by  Huxley  of  the 
condition  of  the  body  cavity  to  taxonomy,  and  reheai-ses  that  in  most 
animals  this  coelom  is  formed  by  a  cleavage  of  the  mesoblast  (schizocoele), 
and  that  in  others — as  in  the  Echinoderms,  Brachiopods,  and  Amphiox- 
ns — the  ecelom  is  developed  from  outgrowths  of  the  endoblast  (enter- 
ocoele).  It  is  the  latter  type  that  is  manifested  in  the  Chsetogiiatha. 
The  Chffitognatha  are  said  to  be  most  nearly  related  to  the  Nema- 
toids  and  Annelida,  and  the  relations  to  the  latter  are  claimed  to  be 
very  remarkable.  In  both  "  the  enteron  is  invested  in  a  fibrons  enteric 
layer,  and  is  attached  by  mesenteries  which  completely  divide  the 
coelom  into  a  right  and  left  half.  In  both  cases  there  are  four  bands  of 
loQgitadinal  muscular  fibers,  the  cells  of  which  are  derived  ftom  the 
Gcelomatic  sur&ce.  The  two  transverse  septa  of  the  Chietognatba  are 
comparable  to  the  nnmerons  transverse  septa  in  the  Annelids,  while, 
lastly,  in  both  groups  the  generative  products  are  derived  from  cells  of 
the  parietal  layer  of  the  mesoderm."  The  olfactory  organ  is  on  the 
upper  soriace  of  the  head  near  the  eye  and  behiud  the  supra-cesophageal 
ganglion,  and  is  unpaired  and  very  simple  in  character. 

The  nervous  system  is  noteworthy,  the  chief  gangUa  and  their  nerves 
being  embedded  in  the  epidermis,  while  some  smaller  cephalic  ganglia 
belong  to  the  mesoderm;  or,  in  other  words,  the  nervous  system  is 
diferentiated  into  ectoderm^  and  mesodermal  parts.  To  the  former 
there  are  two  central  organs,  the  snpnt-cBsophageal  and  the  ventral 
ganglia.  In  the  latter  are  developed  a  lateral  cephalic  ganglion  and 
two  other  small  ganglia. 

■  Kennel  (V. ),     ArbeU.  Zool.  Zoot.  Intl.  Wiirabnrg,  vol,  iv,  p.  305,  1978. 
tHertwig(0.).    Die Clwtoguatlien.    51iuiMn  nir £UU(erfA((ui«,  Heft  ii,  Jena,  1880, 
«pL 
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The  taxoQomical  deductions  are  that  the  GbfetogDatha  form  a  groap 
characterized  by  the  "body  coDsiBt!iig  of  three  segments,  separated  by 
septa  and  provided  -with  horizontal  fins;  the  bead  vith  prehensile 
hooks,  spines,  and  a  'cap,'  with  two  eyes,  and  an  nnpaired  olfactory 
organ;  ocelom  spacions:  the  enterou  has  two  mesenteries  and  opens 
in  fix>nt  of  the  aventerons  caudal  segment;  fonr  longitudinal  moscnlar 
bands:  ueirous  system  consists  of  the  T<;ntTal,  the  supra-oesophageal, 
and  the  lateral  cephalic  ganglia:  trunk  segment  with  two  ovaries; 
caudal  segment  with  two  testes. — ^In  this  group  are  recognized  two 
modifications  of  generic  value,  one  {Sagitta)  having  an  unpaired  caudal 
and  tico  pairs  of  lateral  fins,  including  ten  species,  and  the  other 
(SpadeUa)  with  an  nnpaiied  candal  &n  and  one  pair  of  lateral  fins,  in- 
cluding three  species.    (Condensed  from  J.  B.  M.  8.,  vol.  iii,  pp.  793-799.) 

PEEIPATIDEANS. 

OS  THE  EELATI0M8  OF  PEEIPATUS. 

Until  lately  there  has  been  no  difficulty  in  trenchantly  separating  the 
arthropods  from  the  vermiform  articalat«8,  but  in  Peripatna  (a  terres- 
trial worm-like  animal  of  tiopical  countries)  we  have  a  form  that  is  at 
once  to  some  extent  intermediate  between  the  two,  and  that  breaks 
down  the  rigoroas  diagnoses  of  those  great  groups  and  forbids  the  neat- 
ness and  precision  of  definition  formerly  accorded  to  them.  On  the  one 
hand  Peripatua  possesses  quite  a  well-developed  tratiheal  system  and 
therein  agrees  with  the  terrestrial  ari^hropods.  Ou  the  other  band  it 
agrees  with  the  worms  in  that  the  segment  at  organs  are  in  all  essential 
respects  like  those  of  the  Vermes  and  especially  of  the  leeches,  each  organ 
consisting  of  a  colled  glandalar  tube  connected  at  one  end  with  a  short 
tube  of  somewhat  difi'erent  character,  and  probably  opeuing  into  the 
body  cavity,  and  at  the  other  end  dilating  into  a  vesicle  that  debouches 
on  the  surface  of  the  body  at  the  base  of  the  corresponding  foot.  Mr. 
Balfour  has  now  called  attention  to  a  new  feature  in  the  economy  of  the 
animal  which  throws  some  light  on  its  relationships.*  There  is  a  gland 
which  has  a  duct  opening  into  the  mouth,  and  which  is  comparable  with 
the  salivary  gland  of  the  centipedes.  (It  has  generally  been  considered 
as  a  "fat-body.")  Now,  salivaiy  glands  are  distinctive  of  the  Tracheate 
Arthropods,  and  are  not  at  all  represented  in  the  worms ;  we  have  there- 
fore in  this  structure  of  Peripatus  another  indication  of  its  relationship 
with  the  Arthropods.  By  recent  anthers  Peripatus  bad  Iwen  disting- 
nished  as  the  type  of  a  primary  group  under  the  name  Protracheata, 
aod  the  data  thus  indicated  are  worthy  of  attention  in  connection  with 
its  place  in  the  system. 

"Balfour  (F.  M.)  oa  certftiu  jMints  in  tbe  Anfttomy  of  FeripatoB  CBpenaiB.  iVoc, 
Cimbridge  Pkil  8oo.,  vol.  iii,  p.  6, 1879. 
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MEROSXOMES  OR  PAL-S!OCABIDS. 
THE  ETBS  OF  THE  HOESESHOE  CEABS  AND   TEELOBITBS.* 

Professor  Packard  has  investigated  the  stractnre  of  the  eyee  of  the  horse- 
shoe crab,  and,  in  connectioii  therewith,  that  of  the  correspoading  organ 
of  the  Trilobites.  In  the  eye  of  the  horseshoe  crab  (lAmulus)  the  cor- 
nea is  developed  as  "  a  thiimed  portion  of  the  integument" ;  on  each  side 
are  "  nutrient"  or  pore  canals,  which  are  filled  with  connective  tissue, 
extending  into  the  integument  from  the  body  cavity.  Apposed  to  the 
transparent  cornea,  and  arranged  in  quincuncial  order,  are  series  of  solid 
conical  lenses,  of  which  the  conical  ends  i>roject  inwards  and  are  partly 
buried  in  the  black  retina.  "  The  long  slender  optic  nerve,  just  before 
reaching  the  eye,  subdivides,  sending  a  branch  to  each  facet  or  cornea 
impinging  on  the  lens.'*  As  this  is  a  unique  condition  of  the  eyes  in 
living  articulates,  it  was  an  interesting  problem  to  discover  whether  the 
affinities  of  the  Trilobites'with  Limulvs  was  manifested  in  this  as  in  other 
respects.    Casts  and  natural  sections  of  Asaphns  giga*  especially  were  . 

■  examined,  and  when  the  concave  or  interior  surface  was  placed  under  a 
magni^ing  power  of  50  diameters,  the  entire  surface  was  seen  to  be 
rough,  with  the  ends  of  the  minute  solid  conic  corneal  lenses  which  pro- 
jected into  the  body  cavity.  "This  is  exactly  comparable  with  the  cast 
shell  of  JAmulus  and  its  solid  corneal  lenses  which  project  into  the  body 
cavity." 

CECSTACEANS. 

ABORTED  DEVELOPMENT  IK  CRUSTACEANS. 

It  has  long  been  recognized  that  while  forms  inhabiting  the  sea  pass 
through  several  stages  of  metamorphoses,  species  quite  closely  related, 
living  in  fresh  water,  do  not  exhibit  similar  stages  in  their  development. 
The  forms  that  so  deviate  from  the  general  manifestations  in  the  class 
are  always  of  interest,  and  Dr.  Fritz  Miiller  has  examined  from  this 
point  of  view  severEd  Brazilian  decapod  crustaceans-t  He  found  that 
3^ichodaetylv»  and  Aegl^a.  Odebreehtii  failed  to  pass  through  the  regular 
crustacean  metamori>bosis,  and  that  the  female  of  FaUemon  potiuna  pro- 
daces  only  6  to  20  large  eggs,  and  from  these  the  young  emerge  with 
the  superficial  characteristics  of  the  adults,  whose  complete  form  they 
assume  at  the  fourth  change  of  skin.  But  what  is  still  more  noteworthy 
is  that  whiinSippolyfepolaris  passes  through  a  shortened  phase  of  devel- 
opment, on  the  other  hand  a  Brazilian  ffippolyte,  closely  related  to  that 

■  species,  was  ascertained  to  emerge  from  the  egg  as  a  zocea.  Several 
fresh-water  shrimps  also  found  at  the  month  of  the  Itajahy  River — a 
I,eand€r,  a  PaltEtnon,  and  one  of  the  Atj/inte — also  come  from  the  egg  as 
zocese. 

•  Packard,  jr.  (A.  8.).  TUe  Stractuie  of  the  Eye  of  Trilobites.  Am.  XaL,  toI.  cxiv, 
pp.  51»-508,  July,  1B80. 

tUDlleT(Fiitz).  Paltemon  potiana;  eiii  Beisplel  abgekHrtzer  Verhandlnng.  i'lBol. 
Am.,  vol.  iii,  pp.  152-157  (233).  ^^^^  ^  ,j  ^^^  L.00QIC 
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INSECTS. 

SCOLOPBimaBLLA,  THE  TYPE  OP  A  NEW  OEDER  OP  MYBIOPODS. 

The  genua  Scolopendrella  has  recently  heen  re-examined  by  Mr.  John 
A.  Bydet,*  and  he  has  foond  some  leibarkable  peculiarities  in  its  organi- 
zation, which,  in  his  opinion,  entitle  it  to  be  differentiated  as  the  repre- 
sentative of  a  distinct  order  of  Myriopods.  The  characteristics,  accord- 
ing to  Mr.  Byder,  "indicate  as  mnch  ajhnity  with  insects  as  with  myri- 
opods, and  may,  indeed,  be  looked  npon,  perhaps,  as  representing  the 
last  sorvival  of  the  form  from  which  insects  may  be  supposed  to  have 
descended."  The  head  is  esseBtially  like  that  of  a  true  insect,  and  the 
epicranial  pieces  are  distinguished  by  Trell-maxked  satnre  ftom  the 
labmm.  The  labram  and  labium  are  both  well  defined;  mandibles  and 
maxilhe  are  developed,  as  well  as,  apparently,  a  ligula.  The  antennsB 
have  nnmerous  (14  to  28)  articnlations.  The  body  proi>er  has  thirteen 
segments.  The  legs  (in  namber  12  or  less)  are  five-jointed,  and  each 
terminated  by  a  pair  of  claws,  as  in  the  typical  insects,  and  at  the 
bases  of  each  pair,  except  the  first,  are  attached  simple  hairy  append- 
ages. The  genital  orifice  is  on  the  ventral  side,  in  the  third  or  fourth 
body  segment,  in  both  aexes.  The  tracheal  system  is  represented  by  a 
series  of  simple  tubular  arches,  without  a  spiral  filament,  arising  from 
openings  on  the  ventral  snr&ce  inside  the  base  of  the  legs.  Of  this 
combination  of  characteristics  not  the  least  noteworthy  are  the  binn- 
gnicnlate  l^gs,  and  their  nearly  complete  correspondence  in  number 
with  the  rudimentary  abdominal  and  functional  thoracic  limbs  of  the 
Thysanura,  especially  Machelia  and  Lepisma,  which  have  also  basal  ap- 
pendages to  the  legs ;  it  is  these  characteristics  that  point  to  the  affinity 
with  Insects  almost  as  intimate  as  that  with  the  Myriopods.  The  order 
thns  distinguished  has  been  named  8pmphyla,  in  reference  to  the  singu- 
lar combination  of  characters  presented.  It  may  be  added  that  this 
order  has  already  been  adopted  by  a  special  student  of  the  Myriopods, 
Ijatzel  having  accepted  it  in  his  lately  puhUshed  work  on  the  Myrio- 
pods of  the  Austro-Hungarian  monarchy.  Whether  it  will  be  hereafter 
associated  most  intimately  with  the  typical  Myriopods  or  Insects,  re- 
mains to  be  seen ;  but  it  is  at  any  rate  certain  now  that  these  two  lypea 
cannot  be  retained  as  Ml  classes. 

INSECTS  IKJUEIOUS  TO  BOOKS. 

The  question  of  iiyuries  incurred  by  books  from  the  attacks  of  insects 
has  been  examined  into  by  Dr.  Hagen,t  andProfessor  Westwood.  Repre- 
sentatives of  not  less  than  six  orders  of  Arthropods  are  more  or  less  in- 
jurious. 

Among  the  mites  is  the  common  Cheyletus  eruditus,  which  attacks 
paper  in  damp  places. 

*  Ryder  (John).  Scolopendrella  aa  tlie  type  «f  &  new  order  of  Articiiliit«B.  A*, 
JTot.,  vol.  xiT,  pp.  375,  376. 

tUogeu  (H.).    Attacks  of  Inseots  on  B<x>k8,    Jow.  Boy.  JUfer.  Son.,  toL  iji,  p.  4SS, 
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Among  (he  Thysanura,  the  Lepkma  i,aecharinaf  which  is  found  in 
closeba,  &c.,  where  provisions  are  kept,  feeds  also  on  paper,  but  leaves 
untouched  that  which  is  covered  by  printing-inlt.  This  species  was  not 
known  till  lately  to  bo  at  all  injurious  to  paper  or  books. 

Of  the  jl^enroptera,  the  termites  are  injurious  to  paper  and  books  as 
well  as  to  many  other  substances. 

Of  the  Orthoptera,  as  is  well  known,  the  cockroaches  (Blattidx) 
frequently  commit  considerable  ravages. 

Of  the  Lepidoptera  the  caterpillars  o£  Agloasa  pinguinalia  a,nd  Depres- 
saria  frequently  do  damage  by  spinning  their  webs  between  the  vol- 
ames,  ami  also  by  gnawing  the  paper  with  which  they  form  their  cocoons. 

Among  the  beetles  are  several  species.  The  Hypothenemvs  eruditus, 
a  very  minute  species,  excavates  tiny  burrows  within  the  binding.  The 
death-watches  {Attobium  pertinax  and  Anobium  striatum)  surpass  in 
their  ravages  all  other  species,  gnawing  and  boring  not  only  through 
the  pages  of  the  volumes,  but  also  through  the  binding.  One  instance 
Is  recorded  where  27  folio  volumes,  placed  together  on  a  shelf,  had  been 
BO  completely  drilled,  that  a  string  might  be  run  through  the  hole  made. 

As  an  antidote  to  and  preventive  of  the  attacks  of  these  insects, 
vapoiization  is  suggested.  The  infected  volumes  may  be  placed  in  a 
large  glass  case  made  as  close  as  possible,  and  therein  likewise  may  bo 
set  small  saucers  containing  benzine,  or  a  sponge  saturated  with  carbolic 
acid.  "A  strong  infusion  of  colocynth  and  quassia,  chloroform,  spirits 
-of  turpentine,  expressed  juice  of  green  walnuts,  and  pyroligneous  acid 
have  also  been  employed  successfully.  Fumigation  on  a  large  scale  may 
also  be  adopted,  by  filling  the  room  with  fumes  of  brimstone,  prussic  acid, 
or  benzine ;  or  an  infected  volume  may  be  placed  under  the  bell-glass 
of  an  air-pump,  and  extracting  the  air,  the  larvse  will  be  found  to  be 
killed  after  an  hour's  ezhanstion."  * 

DESTBUOTION  OP  INSECTS  BY  FUNGI. 

It  may  be  recalled  that  at  the  Portland  (1873)  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  Df.  Le  Con  te  suggested 
that  au  efDclent  mode  of  checking  the  devastations  of  the  insects  injuri- 
ous to  agriculture  might  be  the  "production  of  diseases"  from  parasitic 
fungoos  growths.  He  mentioned,  without  particularizing,  "  an  instance 
in  which  from  the  communication  of  the  disease  by  some  silk-worms,  the 
whole  of  the  caterpillars  in  a  nine-acre  piece  of  woods  were  destroyed." 
The  same  proposition  has  been  entertained  and  advocated  by  various 
other  writers,  for  example,  Hagen,  Bail,  &c. 

Experiments  have  been  made  uxK>n  various  forms,  and  lately  on  potato- 
beetles.  Those  inoculated  with  the  fungous  disease  died  in  from  eight' 
to  twelve  days,  while  others  iu  the  same  i-oom,  but  which  were  not  so 

*  Hagon  (H.).  Schiidliche  iDsecten  dnrch  den  Hefeupjlz  /ii  tudl«r.  Zool.  A»z.,  voL 
iii,  11. 185.— ThoDeHtrudiou  of  luBcot  pests  Ijyapplicatiou  of  yeast.  A'aduv,  toL  i«l, 
p.611.  uu.„Mt,L.OOglC 
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treated,  lived  throngfa  the  winter.  Plant-lice  werokillec.  in  a  hot  bouse 
l>y  similar  means.  Dr.  Hagen  therefore  contends  against  Professor 
Metscbnikoff,  that  fungons  inocnlation  can  be  applied  to  practical  uses, 
•"jd  tliat  it  will  not  be  necessary  to  wait  till  the  scientific  meaning  of  the 
nbenomena  involved  is  understood;  he  thinks  that  the  plan  has  already 
beeu  successful  in  practice,  although  further  experiments  should  bo 
made  before  any  positive  decision  can  be  arrived  at. 

THE  GLOWWOBHS  AND  THEIR  PH08PHOBBBOENOB. 

The  structure  of  the  Lampyridie  and  their  phosphorescent  character- 
istics have  been  examined  by  Rev.  H.  8.  Gorham.*  The  eoncliuiion  is 
reached  that  "  the  sesual  instinct  has  played  a  large  part  in  molding 
the  external  structure  of  this  group  of  beetles,  and  that  it  is  to  that  we 
must  look  for  an  adequate  explanation  of  the  development  of  phos- 
phorescent light,  though  not  perhaps  for  its  origin."  The  cases  in  which 
both  of  the  seses  have  wings,  and  both  exhibit  also  phosphorescent 
quahties,  form  the  larger  proportion  among  existing  species.  It  is  con- 
tended that  in  this  condition  the  emission  of  light  would  be  useful  in 
the  attraction  of  the  respective  sexes  and  bring  them  together  in  swarms. 
Those  species,  however,  which  are  regarded  as  being  Ihe  most  typical 
of  the  family  and  in  which  tbeparts  are  more  specialized,  are  such  forms 
as  Lamprocera  and  Cladodes.  In  these  types  the  phosphorescent  faculty 
has  not  been  developed  in  the  same  proportion  as  the  organs  generally, 
and  tbe  eyes,  for  example,  are  "reduced  in  a  direct  ratio  with  the  light" 
whenever  the  antennie  are  enlarged  in  inverse  ratio  to  the  diminution  of 
the  phosphorescence.  Whether  the  eyes  develop  at  the  expense  of  the 
antennas,  and  are,  so  to  speak,  the  receptacle  of  all  the  vital  forces  of 
the  head,  or  whether  the  antennae  supplement  the  loss  of  the  other 
organs  of  sense,  and  are  useful  in  detecting  the  presence  of  the  female, 
«nlyoiie  fact  is  in  evidence,  which  is  that  tlieplumosityof  theantennsc, 
in  one  case,  and  the  enormons  development  of  the  eye,  in  the  other,  aro 
usually  sexual  characters  predominating  in  the  male,  but  sometimes 
'fiMiud  in  both  sexes.  Mr.  Gorham  has  found  that  selected  species  of 
■  LampyridiB  may  be  grouped  under  three  categories,  viz ; 

1.  Species  with  plumose  antenna,  small  or  moderate  eyes,  both  sexea 
winged,  light-emittiug  surface  confined  to  one  or  more  small  spots : 
Lamprocera,  Cladodes,  Vesta,  Luddora,  Pkeenolis,  and  Megalophthalmua. 

2.  Species  in  which  both  sexes  are  winged;  light  emitted  consider- 
able, sometimes  greater  in  the  9  ;  eyes  large,  sometimes  excessive ; 
an tenuie  simple,  usually  filiform :  Cratomorpkm,Lucemula,A^idasoma, 
Iiuciolaf  and  Photuris. 

3.  Species  in  which  the  female  is  apterous,  orwith  rudimentary  wings; 
light  emitted  often  very  great  in  the  female,  and  often  only  rudiment- 


"  Gorbam  (H.  S.}.  Ou  the  Htmctare  of  the  Lanip;ri<lie,  with  reference  U  their  }ilioa- 
phoieecence.     Tran».  EnUmological  Soc,  London,  1S80.    pp.  63-67.        .  , 
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ary  traces  6f  it  in  the  male ;  antennae  UBnally  rudimentary;  eyes  large 
in  the  male,  often  excessively  so,  occupying  nearly  the  whole  head: 
Pteoiomus,  Lamprophorus,  Mierophotua,  Lampyria,  and  Lamprorkiza. 
(Condensed  from  J.  B.  M.  8.,  voL  iii,  pp.  777-779.) 

POLTZOANS. 
EELATI0K8  OF  TH£  POLTZOANEI. 

The  Polyzoans  form  a  type  which,  in  the  early  days  of  zoSlogy,  was 
regarded  as  a  class  of  the  radiate  animals.  Subsequently  Milne  Ed- 
wards and  others  agreed  that  the  type  was  most  closely  related  t«  the 
Brachiopods,  and  subsequent  investigation  of  the  embryology  of  the 
two  types  confirmed  this  view.  The  qnestion  afterward  came  up  as  to 
the  relationship  of  both  these  types  to  others.  Until  quite  recently 
it  was  disputed  by  no  one  that  the  Brachiopods  were  true  mollnsks,  but 
when  anatomical  and  morphological  investigations  had  revealed  so 
many  differences  they  were  dissociated  from  the  typical  moUuaks  and 
segregated  with  the  Tauicates  under  the  name.  Molluscoidea.  Later 
Morse  claimed  that  the  two  classes  in  question  were  more  closely  related 
to  the  worms  than  to  the  mollusks.  Professor  AUman  has  recently 
reviewed  the  condition  of  our  knowledge  of  the  endoproctal  Polyzoa," 
and  confesses  that  while  he  still  sapports  the  mollascan  relationships  of 
the  type,  he  was  nevertheless  obliged  to  confess  that  there  were  features 
in  which  it  closely  approximated  the  worms.  Among  the  most  signifi- 
cant of  these  is  the  enstence  of  a  pair  of  symmetrically  placed  gland- 
like organs  which  open  on  the  sur&ce  of  the  body  in  Loxoaoma,  and 
lemind  one  of  the  segmental  organs  of  the  worms.  In  187-  Professor 
Nitzsch  proposed  to  differentiate  the  Polyzoans  into  two  groups,  dis- 
tinguished by  the  opening  of  the  anal  cavity  in  one  case  outside  of  the 
tentacular  crown,  and  in  the  other  case  within  the  same.  The  former 
group  was  named  Ectoprocta  and  inclnded  almost  all  the  known  forms. 
The  latter  group  was  named  Endoprocta,  and  was  at  first  framed  spe- 
cially for  Pedicillina,  biit  subsequently  it  was  ascertained  that  not  only 
PedidUina  but  Umatella  and  Loxosoma  also  exhibited  the  same  char- 
acteristic ;  and  Professor  Busk  has  lately  made  known  a  curious  form, 
ia  which  he  has  given  the  name  Ascopodaria,  found  in  the  voyage  of 
the  Challenger  in  deep  water.  It  is  the  Endoprocta,  according  to  Pro- 
fessor AUman,  that  exhibit  the  closest  connection  with  the  vermes. 
Loxosoma,  it  may  be  added,  is  a  parasite  of  Gephyreans,  and  attaches 
itself  so  firmly  to  the  host  that  before  Loxoacmia  had  been  described  Mr, 
A.  M.  yorman  was  led  thereby  to  attribute  its  crown  to  a  Gephyrean  as 
tentacular  appendages  of  the  tail  of  that  worm. 

■Allman  (G.  J.).  Some  recent  additions  to  our  knowledge  of  the  stnictme  of  the 
Uadiw  Polyzoa,    Joitr.  Linn,  Soc  Zool,,  rol.  xv,  pp.  1-8. 
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BEACHIOPODS. 

EANGE  IN  DEPTH  OF  LIVING  BBACHIOPODS. 

Mr.  Thomas  DavidsOD  has  examined  the  collection  of  Brachiopods 
secured  by  H.  M.  S.  Challooger,  and  in  connection  therewith  has  enu- 
merated all  the  existing  species  of  the  class.*  It  was  thought  that 
many  novel  forms  would  be  obtained  by  the  dredge  from  the  depths  of 
the  sea,  but  this  anticipation  has  not  been  realized.  Very  few  new 
siiecies  were  found  dnring  the  voyage  of  the  Challenger,  and  none  rep- 
resenting genera  that  had  not  before  been  known  fh)m  representatives 
living  In  waters  of  less  depth.  One  hundred  and  thirty-six  living  spe- 
cies or  aub-speeies  are  recognized  by  Mr.  Davidson,  125  so-termed  "spe- 
cies," and  11  "named  varieties";  but,  it  is  added  by  Mr.  Davidson,  the 
number  "will  certainly  have  to  be  hereafter  reduced."  Not  more  than 
31  species  were  obtained  by  the  Challenger  expedition,  and  out  of  361 
stations  at  which  dredgings  were  made  Brachiopoda  "were  brought  up 
3S  or  39  times  only."  The  circumstances  respecting  the  discovery  of  107 
of  the  recognized  named  forms  have  been  ascertained,  while  "  nothing  is 
known  respecting  theranges  of  depths  of  some  25  or  26  so-calted  spe- 
cies." Of  the  107  species  (or  named  varieties)  some  57,  or  about  half 
the  known  species,  were  dredged  at  a  depth  of  under  100  fathoms ;  20  to 
as  at  low- water  mark,  or  from  5  to  10  fotboms ;  and  the  remainder  at 
about  50  or  60  fathoms,"  or,  to  be  more  definite,  the  status  of  our  infor- 
mation may  be  given  in  the  following  table: 

Speoiefl. 

From  shore  to  500  ^thorns  some 98 

or  named  varieties;  12  of  these  range  up  to  100  fathoms  or  less. 

Prom  501  to  1,000  fathoms 16 

Of  these  only  one,  Diseeria  AtlanUea,  would  range  from  690  to 
2,400  mthoms. 

F.TOm  1,001  to  1,500  fathoms 6 

Of  these  Terebratula  wyviUU  ranges  from  1,035  to  2,900  fathoms, 
the  greatest  depth  at  which  any  species  has  been  found. 

Prom  1,501  to  2,000  fathoms 4 

From  2,001  to  2,900. 3 

Mr.  Davidson  conclndes  that  "  these  facts  indicate  that  the  greater 
bulk  of  known  species  live  at  comparatively  small  or  moderate  depths, 
few  in  depths  ranging  up  to  500  fiitboms,  and  that  Brachiopoda  are 
specifically  rare  at  depths  varying  from  500  to  2,900  fathoms. 

It  is  to  be  regretted  that  Mr.  Davidson  still  clings  to  the  names  Clis- 
tenterata  andTretenteratawben  exactly  the  same  groups  with  the  same 
limits,  and  tlie  same  essential  diagnoses,  had  received  each  several  names 
long  before.  K  any  objections  are  urged  against  those  previous  uames, 
'Davidson  {Tliomas}.  Beport  on  the  Scientific  Besulte  of  the  Toyftge  of  H.  H.  S. 
Challeagei,  dnring  the  years  1673-^6.  Zoology,  vol.  i,  port  1.  Beport  ou  the  Brach- 
iopoda.   Printed  by  oidei  of  Hoc  MuJeBt/B  Govenunent,  London,  1680.    ^  .^  ^  i  ., 


analogoae  objections  can  readily  be  devised  against  those  adopted,  and 
there  is  nothing  easier  than  to  devise  objections  when  the  mood  impels 
to  seek  for  new  naines. 

ANCIBMT  LIHGULIDiE. 

In  the  early  days  of  Palaeontology  the  name  Linffula  was  appUetl  as 
the  generic  designation  of  numerous  species  certainly  related  to  the 
living  representatives  of  that  genus  but  distinct  in  many  respects.  Of 
late  years,  however,  m  is  remarked  by  Mr.  Whitfield,"  "it  has  beeu 
supposed  by  many  that  the  Brachiopodous  genus  lAngula,  as  represented 
by  Lingula  anatina  Lamarck,  a  living  species,  was  not  represented 
among  the  fossil  Lingulidae  of  the  older  Paleozoic  formations,  if  any- 
where iu  rocks  of  paleozoic  age;  and  there  has  been  a  growing  tend- 
ency to  class  all  Lingaloid  shells  of  these  formations  under  other 
names."  While  this  is  admitted  to  be  correct  in  the  main,  by  Mr.  Whit- 
field, he  thinks  that  he  has  proof  of  a  form  congeneric  with  or  at  least 
closely  related  to  the  modern  species,  in  shells  obtained  firom  the  Tren- 
ton limestones  of  Wisconsin  and  Minnesota.  He  has  carefully  studied 
the  muscular  and  vascular  scars  of  the  shell  as  copied  in  then:  internal 
easts,  and  thinks  that  "  these  markings  correspond  more  nearly  t«  those 
of  L.  anatina  Lamai'ck,  than  do  those  of  any  other  Silurian  or  Devonian 
spetiies"  which  he  ever  examined,  and,  "althoagh  they  do  not  exactly 
correspond,  still  are  as  similar  as  one  could  expect  in  widely  separated 
species.  The  variations  consist  in  the  position  of  the  various  muscular 
scars,  and  also  somewhat  in  the  lines  of  the  p'aUial  sinuses  and  in  tlie 
ramifications  of  their  branches."  Without  going  into  detail  it  is  enongh 
to  remark  that  there  certainly  seems  to  be  considerable  superficial 
resemblance  between  the  form  thus  signalized  and  the  living  represent- 
atives of  the  Ikmily.  Nevertheless  the  homologies  are  far  from  being 
as  close  as  those  which  prevail  iu  all  the  living  forms,  and  which,  not- 
withstanding, have  been  differentiated  under  two  distinct  genera, 
Lingula  and  Qlottidia.  In  view  of  the  great  antiquity  of  the  type, 
however,  even  the  resemblance,  thongh  not  very  close,  is  noteworthy. 
Whether  the  resemblance  is  a  generic  one  (using  the  word  "generic"  in 
the  restricted  signification)  is  doubtful. 

GASTROPODS. 

A  NEW  TYPE  OF  MOLI.USKS. 

A  most  singular  typo  of  Mollusks,  and  one  finding  no  place  in  the 
current  works  on  conchology,  is  the  genus  Seommia  of  Tullberg  {Solcno- 
pu8  D.  &  K.).  This  is  the  representative  of  not  only  a  distinct  family 
(Neomeniidse)  but  of  a  group  which  stands  so  i'ar  apart  from  all  others 

'Whitfield  (R.  P.).  On  the  occunence  of  the  trae  Lingula  in  the  Trenton  Lime, 
stones.    Am.  Jour.  Science  (3),  vol.  xix,  pp.  472-475. 


t,L.ooglc 


358  ZOOLOOT. 

as  to  leave  eveo  ite  relationship  a  matter  of  discossioD.  G.  O.  Sars  dia 
tinguishes  it  as  a  group  (Telobranchiata)  of  the  Oplsthobraadiiates, 
co-ordiuate  with  the  Tectibranchiata  and  Kudibranchiata.  H.  von 
Ihering  differentiates  it  as  a  class  of  "Vermes — Phylum  Amphinenra," 
the  ChitoDS  fotnuDg  another  class.  £.  Bay  Lankester  isolates  it  still 
further,  coDsideriog  it  as  represeatiDg  not  only  a  class  (Scolecomorphal 
bnt  a  primary  group  (Lipoglossa)  of  Mollnsfes  having  no  affinity  to  the 
Chitons.  A  new  form  of  this  group,  ezhibiting.charaeters,  too,  deemed 
wanting  in  the  type,  must  be  of  aausnal  interest.  Such  is  the  species 
made  known  as Proneomeaia  Uluiteri*  Like  Neomenia,  Proneomenta  is 
worm-like  and  sabcylindrical,  but  unlike  that  form  it  is  provided  with  a 
distinct  though  small  radnla.  Two  specimens  of  the  species  were 
dredged  by  Dr.  Sluit«r  in  the  Barent  Sea. 

BEOENEBlLTIOK  OF  PARTS  IN  GASTBOPODS. 

Long  ago  Spallanzari  and  afterwanls  Scha&br  experimented  upon  the 
regeneration  of  i>arts  in  snails,  bat  this  subject  has  since  been  much 
neglected.  Eecently  Mr.  Justus  Carri^  has  reinvestigated  the  quea- 
tiont,  and  has  found,  like  his  predecessors,  that  the  tentacles,  with  the 
eyes  and  the  labial  processes  in  the  gastropods,  can  be  completely 
regenerated.  On  the  other  hand,  when  the  pharynx  or  snpra-aesopha- 
geal  ganglion  is  cat  oat  df^th  ensues.  Mr.  Carrifere  took  all  precau- 
tions in  his  investigations,  and  all  the  conditions  to  insure  accuracy 
were  fulfilled,  that  is,  with  resx>ect  to  the  health  of  the  animal,  the 
parts  removed,  &c,  for  a  different  result  would  ensue  if  the  animal  was 
taken  when  its  energy  was  concentrated  in  the  formation  of  generative 
products,  and  it  was  therefore  found  that  a  season  of  rest,  as  at  the 
beginning  of  summer,  or  the  autumn  season,  was  the  most  satisfactory 
time.  The  individuals  experimented  upon  represented  common  Euro- 
pean species  of  Helix.  Those  that  gave  the  most  satisfactory  result 
were  Relic  'nemoraiu  and  H.  hortmaU;  H.  pomatia  was  more  sensitive, 
and  R.  arbmtarum  and  R./ruticum  the  least  capable  of  reproduction  of 
parts. 

In  the  case  of  the  eye  it  was  ascertained  that  the  method  of  regener- 
ation was  analogous  to  that  of  the  first  formation  of  the  organ.  There 
was  an  invagination  of  the  epithelium,  the  formation  of  a  closed  vesicle, 
and  the  primitive  cylindrical  cells  became  partly  converted  into  corneal 
cells,  and  partly  into  rods  and  cones.  The  time  required  for  this  re- 
generation was  fifty  or  sixty  days. 

Experiments  were  also  instituted  with  respect  to  the  aquatic  pulmon- 
ates,  but  the  results  were  less  satisfactory  on  account  of  their  liability 
to  attack  by  fiingus  in  the  wounds. 

*Hnbrecht  (A.  A.  W.)-  Froneomenia  Slmlen  gen.  et  Bp.  u.,  eino  nene  arcliaisclie  MoU 
liiskeufonn  anB  dem  Eiameer.    Zool.  Ameiger,  iii  Jolirg.,  pp.  589-^90,  39 Nov.,  1860. 

1Ciini«re{J.),  Uelier  die  Regeaoration  bei  den  Land-PiilmoDaten.  Tagblalt  der  5& 
Ven.  detittek.  Natitrf.,  pp.  225,  22(i.     1879. 
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aASTROPTBBON  AND  ITS  RELATIONS. 


A  remarkable  form  of  gastropod  moUusk,  which  was  at  one  time  sup- 
posed to  be  a  Pteropod,  has  dow  beeii  well  ascertained  to  be  a  Te<iti- 
brauchiate  aad  most  elosely  related  to  the  BuUidea.  lu  general  form  it 
Laa,  in  fact,  considerable  resemblance  to  a  Pteropod,  and  the  shell  is  so 
small  and  immersed  that  it  was  not  detected  antil  Krohn  found  it  in 
IStiO.  The  shell  resembles  somewhat  that  of  a  Carinaria  in  form,  and  is 
qoite  translucent:  it  is  found  in  the  hepatic  region  near  and  somewhat 
behind,  but  a  little  to  the  right  side  of,  the  anus. 

Mr.  Vaysaifere  has  investigated  the  anatomy  of  this  form,  and  has 
reached,  in  respect  to  its  relation,  some  conclusions  differing  from  his 
predecessors.*  He  regards  Oastri^teron  as  the  type  of  one  of  two  major 
groups,  into  which  ho  would  divide  the  BuUidea,  most  of  the  forms  of 
that  type  constituting  the  second  group. 

In  this  iirst  group  represented  by  Oastropteron  the  parapodia  are 
largely  developed:  a  small  nautiloid  shell  is  contained  within  the 
mantle;  and  the  CBsophageal  collar  is  conatitnted  by  a  pair  of  cerebral 
ganglia,  a  pair  of  pedal  ones,  and  six  visceral  ones ;  tho  visceral  gaugba 
are  distributed  in  equal  number,  three  to  the  right  and  three  to  the  left. 

In  the  second  division  the  parapodia  are  rudimentary ;  the  shell  well 
developed  and  generally  extemaJ.;  and  there  are  only  three  visceral 
ganglia,  two  of  which  iire  on  the  right  and  one  on  tho  left  side. 

It  is  observed  also  that  while  in  Gasttopteron  the  genital  nei've  arises 
directly  from  the  commissure  without  the  intermediation  of  any  gan- 
glionic eulargement,  in  the  other  forms  the  corresponding  nerve  always 
arises  &om  the  larger  of  the  two  left  visceral  ganglia. 

LIVIN&  PLBUBOTOMAEItDS. 

Among  the  most  interesting  of  the  moltosks  is  the  genus  Plsuroto- 
maria.  This  genus  was  for  a  long  time  supposed  to  have  become  entirely 
estiuct,  but  iu  1856  a  species  was  discovered  at  the  island  of  Guade- 
loupe and  named  by  Fischer  and  Beruardi  Pleurotomaria  Qttoifana.  Sub- 
sequently a  specimen  of  a  second  species  was  also  obtained  and  described 
Duder  the  name  of  Pleurotomaria  Adansoniana  in  1801.  In  18BU  further 
information  respecting  the  development  of  the  geuns  was  obtained.  A 
second  specimen  of  PicMrotomana  Adaitsoniana  (!H  millimeters  wide)  was 
found  io  the  "  grand  cul  de  sac  de  la  Point-^Pitre,"  Guadeloupe,  at  a 
depth  of  IdU  fa^oms,  and  two  new  species  were  obtained  in  the  i<)asterD 
seas.  One  has  been  described  by  Hilgendorf  as  Pleurotmaaria  Beyrichii, 
from  a  specimen  obtained  iu  Japan.  Another  has  been  made  known  as 
Pleurotomaria  Bumpjii  by  Schepman,  and  the  specimen  on  which  it  was 
based  (a  very  large  one,  having  a  maximum  diameter  of  190  millimeters) 
was  found  in  a  collection  of  shells  from  the  Molucca  Islands  belonging 

■  VayiiBifero.  Becliercbes  anahimiques  siir  leu  maUoBqucsB  de  la  laiuitle  dea  Bullidte. 
AHtt.  So.  Sfat.,  Zool.,  (C,)  vol.  ix,  Ho.  1  (64  pp.,  3  pL). 
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to  the  Zoological  Ghtr^en  of  Botterdam.  It  is  noteworthy  that  these 
species  represeot  two  sections  of  the  genus,  one  of  the  species  of  Gna- 
delonpe  (P.  Quoj/ana)  and  one  of  the  eastern  (P.  Peyricin)  having  no 
umbibons,  while  the  other  two,  Pleurotomaria  Adantioniana  and  P. 
Bumpfii  are  deeply  nmbilicated.  The  soft  parts  of  Fl^urototnaria  are 
still  anknown,  althongh  we  may  hope  that  oar  acquaintance  with  a  form 
80  interesting  may  not  be  much  longer  deferred,  iuasmnch  as  a  liyiug 
specimen  of  P.  Quoyana  was  obtained  by  Professor  Agassiz  off  the  island 
of  Barbados  (at  a  depth  of  120  iathoms),and  is  now  in  the  Museum  of 
Comparative  Anatomy  at  Cambridge.  (See  Hilgendoef  in  Sitzungs- 
beriehte  der  Gesellechaft  Natarf.  Freunde  zu  Berlin,  1879,  p.  72;  Sohep- 
siAN  in  Tijdschrift  Nedori.  Dierkund.  Vereen,,  vol,  iv,  1879,  p.  162j 
Ceosse  &  FisHBE  in  Journal  Conchyliologie,  (3,)  vol.  xx,  pp.  203, 
284, 1880.) 

DENTITION  OF  MABOINELLOID  HDLLU3KS. 

The  contour  and  development  of  the  shell  of  Marginella  is  quite  char- 
acteristic, bnt  nevertheless  there  are  now  known  four  distinct  types  of 
dentition  represented  by  forms  possessing  decidedly  similar  shells,  and 
if  the  Eratoinse  are  considered,  we  have  a  fifth. 

(1.)  As  is  generally  known,  most  of  the  species  have  a  single  central 
tooth  (o — 1 — o)  with  a  narrow  base,  and  this  has  been  regarded  aa 
being  one  of  the  distinctive  marks  of  the  family  MargineUiAce. 

(2.)  A  similar  form,  however,  was  shown  a  number  of  years  ago,  by 
Stimpson,  to  have  a  single  row  of  teeth  peculiarly  modilie<l,  resembliug 
those  of  tbeMuricinie,  being  thick,  strong,  and  armed  with  many  (7)  den- 
ticles, and  was  therefore  differentiated  by  him  as  the  type  of  a  peculiar 
family — Cystiaeidce. 

(3.)  Towards  the  end  of  the  year  1880  a  third  type  was  found  to  be 
represented  by  what  has  been  called  PseudomargineUa  If^topus,  and  what 
has  been  also  by  some  (but  erroneously)  identified  with  the  "  Marginella 
glabelUi,"  of  Eastern  AMca.  Shells  with  their  animals  were  sent  from 
Seoegambia,  and  the  species  was  ascertained  to  have  the  teeth  arranged 
iu  three  long  longitudinal  rows,  {1 — 1 — 1),  and  their  form  very  similar 
to  tbat  of  the  Buccinids,  tbe  lateral  teeth  being  broad  and  armed  with 
three  cusps. 

(4.)  A  fonrth  mar ginelli form  type  has  also  teeth  in  three  series 
(1 — 1 — 1),  but  the  lateral  teeth  are  slender  and  claw-like.  The  species 
representing  this  has  been  described  by  Carri^re  as  new  under  the 
name  Pseudomarffitiella  platypus,  and  thus  systematically  arranged  with 
the  preceding,  with  which  it  is  geographically  associated.  The  difference 
in  dentition  is,  however,  generally  regarded  as  of  fiimily  value. 

(5.)  StiU  another  marginelloid  type,  althongh  much  more  differen- 
tiated than  any  of  the  others,  is  represented  by  Erato,  which  is  now 
generally  regarded  as  a  true  member  of  the  fomily  of  Ojiirffiidse  orTri- 
viidte. 
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The  manifestation  of  such  different  types  of  dentition  by  forms  hav- 
ing the  same  kind  of  shell  will  render  a  re-examination  of  the  othei 
parts  of  the  animal  necessary  before  it  can  be  definitely  accepted  whethei 
they  are  distantly  related,  as  the  current  views  respecting  the  valne  of 
dentition  would  imply,  or  whether  they  are  closely  connected,  as  the  like- 
ness of  their  shells  would  suggest.  In  this  connection  we  may  refer  to 
the  similarity  of  the  shells  of  the  Mitridie  and  Tnrritid£e.  While  it  is 
not  safe  to  assume  that  the  animals  so  distinguished  are  closely  related 
on  account  of  the  similarity  of  their  shells,  there  is  enough  at  least  to 
challenge  doubt,  which  can  only  be  settled  by  farther  investigations. 
(See  Ceossb  &  Fischer  in  Journ.  Conchyliologie  (3,)  vol.  xx,  p.'  375, 
1880;  and  JUSTUS  Cabei^bb  (Die  Gattung  Fseudomarginella  v. 
Maltaan),  in  Zool.  Anz.,  vol.  iii,  pp.  637-641,  27  Dec.,  1880.) 

CEPHALOPODS. 
THE  ARMS  AKD  SIPHON  OF  CEPHALOPODS. 

A  number  of  attempts  have  been  made  to  homologizo  the  arms  and 
siphon  of  the  eephalopods  with  the  structnres  of  the  gastropods,  bnt 
the  idetitificatioas  have  not  been  entirely  satisfactory.  Professor  Loven, 
as  early  as  1848,  regarded  the  cepbalopod  arms  as  a  persistent 
velum.  Professor  Huxley  considered  that  they  represented  the  gastro- 
pod foot,  and  the  siphon  was  regarded  as  answering  to  the  epipodial  folds 
of  the  embryonic  gastropod.  Dr.  Grenacher,  however,  showed  that  the 
foot  of  the  gastropod  is  an  unpaired  structure,  and  therefore  could  not  be 
homologous  with  the  arms,  which  develop  in  pairs,  and,  like  Loven,  he 
considered  that  the  arms  represent  a  modified  velum ;  the  foot  waa 
deemed  to  be  entirely  wanting,  while  the  siphon  was  regarded  as  the 
representative  of  the  epipodium.  Dr.  Yon  Ihering  contended  that  the 
arms  are  tentacular  appendages  to  the  body,  and  that  they  have  no 
equivalent  in  the  gastropods.  The  innervation  of  the  siphon  &om  the 
pedal  ganglion  led  him  to  identify  the  siphon  as  the  foot,  and  he  urged 
that  the  valve  of  the  siphon  is  a  true  foot  or  protopodium,  and  the  two 
lateral  folds  pteropodia. 

In  1870  Mr,  J.  I.  Blake  entered  npon  a  comparison  of  the  cepbalopod 
and  gastropod  structures  with  reference  to  their  relation  to  the  nervous 
ganglia  and  the  flexure  of  the  int«stino.*  Premisiug  that  the  ciliated 
bands  constituting  the  velum  had  been  shown  to  be  traceable  "from  one 
class  to  another — sometimes  in  the  larva  only,  and  sometimes  as  an 
a<Iultorgan" — he  conchidesasfoUowa:  "In  the  primitive  condition  they 
formed  a  circle  around  the  oesophagus,  and  as  often  as  not  are  thrown 
out  into  long  processes ;  with  a  change  in  the  direction  of  the  intestine 
their  uniformity  is  broken  and  part  dies  away,  while  the  other  part  is 
left,  forming  a  circle  surrounding,  not  the  oesophagus,  but  a  portion  of 
the  body  on  one  side  of  it,  the  foot  being  on  the  other.  Since,  then,  in  the 
gastropoda  the  intestine  turns  to  the  cerebral  side,  we  have  the  "velum" 

■  Blukc  (J.  F.).  Od  ILe  Homologies  of  the  Cuphalopoda.  An^  Mag.  2ffit.  BiaL 
(5,)  Tol.  iv,  pp.  303-312.  .  '^.OlViJJC 
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formed  od  that  side;  whereas  in  the  cephalopoda,  the  flexnre  being  on 
the  opposite  side,  we  have  what  we  may  call  the  anti-telum  on  the  pedal 
side.  Tlius  the  arms  are  homologoos  to  the  opposite  portion  of  the 
architroch  to  that  which  forms  a  velum,  and  merely  afford  another  iu- 
stance  in  which  these  primitive  formations  are  retained  as  functional 
organs.  Moreover,  from  within  the  circle  of  the  embryonic  velum  rise 
np  in  some  gastropods  two  long  retractile  tentacles  in  like  manner 
from  within  the  later-formed  circle  of  the  anti-velum  rise  np  the  two 
retractile  tentacles  of  the  decapods."  The  funnel  is  conceded  to  be 
homologous  with  the  epipodium,  and  the  valve  in  the  funnel  it  is  sug- 
gested "may  represent '^  the  foot,  although  this  "must  be  doubtful." 

Dr.  Brooks  has  also  treated  of  the  same  questions,  and  studied 
the  development  of  the  common  squid  (Loligo  Pealii).*  He  recalls 
that  the  mollusean  foot  is  an  unpaired  structure  on  the  ventral  surfiice 
of  the  body  between  the  month  and  the  anus ;  that  in  the  embryo  a  large 
sinus  space  separates  the  integument  of  the  foot  &om  the  endoderm  and 
its  derivatives;  and  that  this  space  contains  blood  corpuscles;  that  the 
embryonic  foot,  in  fact,  is  a  circulatory  organ.  The  yolk  sack  of  the 
cephalopod  is  separated  irom  the  yolk  by  a  corresponding  sinus  space, 
and  as  the  integument  is  rhythmically  the  fluid  wbicli  fills  this  space  is 
kept  in  constant  motion.  Physiologically  then,  as  well  as  in  its  posi- 
tion, the  yolk  sack  of  the  squid  resembles  the  foot  of  the  gastropod,  and 
consequently  it  is  contended  that  we  find  in  it  the  homologue  of  the  foot. 
He  concludes  that  as  a  locomotor  organ  the  foot  of  the  cephalopod  has 
been  suppressed  by  the  great  development  of  a  food-yolk  at  the  point 
where  it  should  have  been  found."  As  to  the  siphon,  this  originates  as 
two  pairs  of  fblds  of  the  integument  of  the  lateral  walls  of  the  body,  and 
if  we  regard  these  four  folds  as  homologous  with  the  eplpodial  folds  of 
a  gastropod,  the  arms  must  be  regarded  as  independentlj-  acquired 
structures.  It  is  finally  inferred  that  neither  the  exact  equivalent  of  the 
arms  nor  of  the  siphon  is  found  in  the  gastropods,  but  that  these  parts 
of  the  cephalopods  have  originated  from  a  very  generalized  condition 
and  become  developed  as  specialized  organs  peculiar  to  the  class ;  con- 
versely, the  foot  of  the  gasti'opoda  is  represented  by  no  specialized  stract- 
nre  in  the  cephalopods. 

COMPAEATrVE    STEUCTUKBS     OF    THE    TETEABBANCHIATE    AHD 
DIBBANCHIATE  CEPHALOPODS. 

As  a  part  of  his  studies  on  the  "homologies  of  the  cephalopoda,"  Mr. 
Blake  has  examined  into  the  structures  which  seem  to  correspond  in  the 
nautiloids  and  cuttle-fishes.  The  tetrabranchiates  are  undeniably  a 
more  primitive  and  generalized  type  than  the  dibranchiates,  and  ip  their 
adult  condition  exhibit  characteristics  which  are  transitory  In  the  other. 
Thus  (1)  in  the  nautilus  the  funnel  is  divided,  and  so  it  is  in  the  embryo 

"Brooke  (W.  £.).  Homology  of  the  Cephalopod  Siphon  aud  Arma.  Jm.  Janr.  Sti, 
(3),  vol.  XI,  pp.  2Ha-291 ;  also,  The  DeTelopmuDt  of  the  Squid  Loligo  Pealii  (Lesereur) 
Anniv.  Mem.  Bo$U>n  Soe.  Nat.  BUI.  u    ^  „,j,  (^jOOQIC* 
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cattle-flsh,  bat  in  the  old  it  is  a  single  tube;  (2)  iu  DautUiia  the  eye  is  a 
simple  cavity  opening  externally  by  a  minute  ajierture,  as  ia  the  caae  in 
the  embryo  cuttlo ;  (3)  in  nautilus  tlie  auditory  organs  are  close  beneath 
the  eyes,  and  so  tbey  are  io  the  embryonic  cuttle,  but  in  the  mature 
dibranehiates  they  have  approximated  on  the  ventral  side;  (4)  in  nau- 
tilus the  tentacular  and  labi^  processes  are  more  or  less  flattened  and 
lie  one  within  the  other,  and  iu  analogous  manner  iu  the  dibranehiates 
the  arms  rise  as  broad  flat  processes,  one  pair  within  the  others.  Mr. 
Blake  contends  (with  ^'alenciennes)  that  the  processes  (six  or  eight) 
from  which  the  tentacles  originate  in  nautilus  are  homologous  with  the 
arms  of  the  cuttle-fishes,  and  that  the  tentacles  are  homologous  with  the 
suckei'S.  The  aptychus-bearing  "hood"  of  the  nautilus  may  be  homolo- 
gous either  with  the  anterior  port  of  arms  of  the  dibranehiates  (the  ar- 
gonaut thereby  secretes  its  shell)  or  with  the  "neck-plates"  just  behind 
■Hie  eyes  and  in  front  of  the  "bone"  of  Sepia,  or  the  generalized  basis 
of  both;  but  this  the  embryology  of  nautilus  must  deternjine.  The  shell 
of  nautilus  it  is  thought  may  be  represented  in  the  dibranehiates  by 
the  shell  of  SpiruUiy  the  phragmacone  of  a  Belemuite,  and  the  mucro  of 
a  Sepia-bone.  The  ink-bag  which  is  developed  late  iu  the  embryological 
history  of  the  cuttle-fishes  does  not  exist  at  all  in  nautilus. 

THE  OEFHAIiOFODS   OF  EASTERN    HOBTH  AUBBICA.* 

In  the  earlier  works  upon  the  mollusks  of  the  eastern  coast  of  North 
America  only  three  or  four  species  were  recorded,  and  until  within  the 
last  few  years  that  coast  was  supposed  to  have  few  iuhabitautB  rcpre- 
seating  that  class.  Since  the  institution  of  the  labors  of  the  Fish  Cuui- 
missioD,  however,  a  number  of  new  forms  have  been  made  known,  and 
some  of  them  represent  new  genera.  Among  the  most  noteworthy  are 
species  of  gigantic  cuttle-fish,  of  which  quite  a  large  number  of  speci- 
mens have  uow  been  discovered  iu  various  places  on  the  Great  Banks, 
and  around  or  near  the  island  of  Newfoundland,  The  following  are 
all  the  species  that  have  been  made  known  as  inhabitants  of  the  north- 
eastern coast  of  the  United  States  to  the  end  of  1880. 

Deoafods. 
Architetitkia  princeps  V.  Boaaia  Syattt  V. 

Harveyi  Y.  gvblaBvis  V. 

SthmoteutKU  megaptera  Y.  Sepiola  leucoptera  Y. 

Ommagtrephia  ilHcebroaa  (Les.)  V.       Logilo  Peaki  (Les.)  Y. 
Taoniuspavo  (Les.)  Steenstrup.  pallida  V. 

kyperboreits  Steenstrup.  Paraaira  catmalata   (Pet.)   Steen- 

Eistiotetithia  CoUinsii  V.  strap. 

Calliteutliia  recersa  Y.  ffeteroteatki*  teaera  Y. 

■Vorrill  (A.  E.).  Syuupeisof  theCephnlopoditof  tbeuortbeii8terncoa,Bt  of  Americn; 
brief  Contributioua  to  Zoology  from  the  MuBeum  of  Tale  College.  No.  XLVi.  With 
plates  XII  to  XVI.  Am.  Joum.  Seimee,  (3),  vol.  six,  pp.  284-295,  Also,  notice  of  the 
remarkable  Moiiue  Fauna  occupying  tbe  onier  bonka  of  the  aouthem  coast  of  Hew 
SnsloiuL    Am  Joum.  Science,  (3,)  vol.  sx,  pp.  390-403. 
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OCTOPODS. 

Octopus  Bair&ii  V.  Octopus  lentus  V. 

piscatorum  Y.  Stauroteuthis  syrienais  V. 

obeaus  V.  Alli^sus  mollis  Y. 

VERTEBHATB8. 

NOMBrrCLATUEE  OF  LIMB  SBGMBKTS. 

In  coDnection  with  aD  article  on  tlio  Ichthyosaurian  SaoranouoD  (snb- 
sequeotly  renamed  BaptaDodon),*  Professor  Marsh  has  proposed  a  new 
noiuenclature  for  "the  corresponding  segments  alike  of  the  anterior 
and  posterior  limbs  of  the  air  breathing  vertibrates."  Becalling  that 
the  terms  "phalanges"  and  "  metapodials"  had  already  been  applied 
and  obtained  general  enrrency  for  the  distal  segments,  ho  proposed  to 
complete  the  nomenclature  as  follows : 

AnteTJor.  .  Posterior. 

Propopodial  bones Humerus.  Femur. 

Epipoclial  bones Radius  and  ulna.  Tibia  and  fibola. 

Mesopodial  bones Carpals.  Tarsals. 

Metapodial  bones Metacarpals.  Metatarsals, 

Phalangial  bones Finger  bones.  Toe  bones. 

THE  SEmiOIBOULAS  CANALS  OF  TEBTEBBAIES. 

Dr.  Francis  Dercnm  has  inrestigated  the  morphology  of  the  semi- 
circnlar  canals  in  the  vertebrates-t  He  recalls  the  fact  that  the  structure 
of  the  mucous  canals  and  of  the  semicircular  canals  is  very  similar,  as 
Leydig,  in  18d0,  had  already  observed.  Deeming  this  analogy  complete 
he  asks,  "Would  it  now  be  too  hazardous  to  suggest  that  the  two 
organs  which  are  so  closely  related  in  structure  and  which  present 
such  significant  facts  as  regards  nerve  supply  and  embryological  devel- 
opment, are  related  genetically  f  Such  specialization  would  not  be  in- 
consistent. Let  us  see  how  it  may  have  been  brought  about.  In  an 
organism  provided  with  a  general  apparatus  for  the  perception  of  vibra- 
tions, evidently  the  first  thing  that  would  take  place  would  be  the 
specializatiou  of  certain  portions  for  certain  classes  of  vibrations.  This 
is  what  may  have  been  the  case  with  the  lateral  canals  and  the  ear, 
each  being  a  specialization  in  its  own  peculiar  direction.  The  ftict  that 
the  involution  of  the  side  organs  in  Teleosts  does  not  take  place  until 
the  organism  is  already  fkr  advanced  towards  the  completion  of  its 
development,  and  the  fact  that  the  mucous  canal  in  the  embryo  of 
Elasmobranchs  does  not  appear  until  the  epiblast  has  been  differentiated 

'Manih  (0.  C).  The  limbs  of  Sanranodon,  nitli  notlee  of  a  new  ppecies.  Am. 
Journ.  Se.  and  Aria,  (3),  toI.  xii,  pp.  169-171,  Fol).,  1880. 

'tDercum  (Frnncie).  On  the  Morphology  of  the  Bemicircnlw  Ctuiftl.  ^nt.  2faL, 
yol.  xiii,  pp.  366-374,  Jnne,  1879. 
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into  its  two  layers,  both  imply  tbat  the  side  orgaus  had  for  ages  ex- 
isted as  mere  "  uer\'e  hills,"  or  nerve  epithelium,  projecting  into  the 
water,  and  this  renders  our  idea  not  only  possible  but  probable.  In 
the  course  of  evolution  of  the  ear,  the  first  differentiation  of  structaro 
that  occurred  may  have  been  as  follows:  Certain  of  these  areas  of 
nerve  epitbelinm  or  sensory  macnlse  may,  for  functional  specialization 
have  become  inclosed  in  canals.  Kow,  for  still  greater  specialization, 
the  whole  area  containing  the  canaJs,  with  perhaps  one  or  two  macnlie 
not  yet  inclosed,  may  have  undergone  a  general  process  of  involution, 
and  thus  given  rise  to  the  vestibule  and  semi-circular  canals." 

FISHES,  ETC. 

KOTEWOETHT  WOEKS,  ETC. 

The  classes  of  Leptocardians,  Marsipobranchiates,  Selachians,  and 
Fishes  are  still  so  generally  considered  together  under  the  old  designa- 
tion of  Ichthyology  that  it  is  convenient  in  practice  for  the  present  at 
least  to  recognize  this  grouping.  The  number  of  men  deserving  of  scien- 
tific consideration  who  would  now  refuse  the  term  of  classes  to  at  least 
three  of  those  groups,  however,  is  very  small. 

Among  the  general  works  on  "  Ichthyology,"  thus  understood,  that 
have  been  published  during  the  past  yter  or  two,  are  "An  Introduction 
to  the  Study  of  Fishes,"  by  Dr.  A.  Giinther,  and  parts  relative  to  Ich- 
thyology of  the  general  works  on  natural  history  of  Brehm's  "Allge- 
meine  Kunde  des  Thierreiches ;  and  Cassell's  Natural  History  (by  H.  G. 
Seeley).  The  influence  of  Dr.  Giinther  is  exhibited  not  only  in  his  own 
work,  but  in  the  others  noticed,  and  it  is  with  regret  that  we  have  to 
add  that  influence  has  been  for  evil  and  to  propagate  and  continue  in- 
definitely some  of  i^e  most  unsound  ideas  and  systematic  essays  that 
have  emanated  from  any  worker  in  zoology. 

The  geographical  distribution  of  fishes  in  general  has  been  treated  of 
by  L.  Tillier.  The  species  collected  by  the  Ch^lenger  expedition  have 
in  part  {the  shore  fishes)  been  enumerated,  and  the  new  ones  described 
and  illustrated,  by  A.  Giinthei'j  Arctic  species  have  been  reported  on 
by  E.  Collet,  C.  Liitkeu,  and  T.  Bean ;  North  American  species  have 
been  described  by  D.  S.  Jordan,  C.  H.  Gilbert,  G.  B.  Goode,  E.  D.  Cope, 
W.  N.  Lockington,  &c. ;  those  of  South  America  by  F.  Steindachuer ; 
Aiistralian  species  by  Castelnau,  H.  Jonan,  C.  B.  Klunzinger,  &c. ; 
African  species  by  C.  Dambeck,  &c. 

The  transformations  which  fishes  undergo  after  exclusion  from  the 
egg  have  been  studied  by  C.  Liitken  and  C.  Emery. 

The  temperature  of  the  blood  in  a  considerable  number  of  species  has 
been  ascertained  by  J.  E.  Kidder.  His  observations  are  noteworthy  on 
account  of  the  modifications  which  they  necessitate  in  the  statements 
respecting  these  animals  current  in  the  books. 
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The  anatomy  of  fishes  lias  received  attention  from  many  inrestigatora, 
among  whom  are  Olga  MetscbQikoff,  M.  von  Davidoff,  and  Q.  Swirski, 
who  hare  treated  of  the  shoulder  and  pelvic  girdles  in  vhole  or  part ;  A. 
Gisow,  vfao  hasBtndied  the  ear;  G-.Garlet,vho  has  examined  the  scales; 
and  M.  Ussow,  who  has  sought  to  explain  the  fanction  of  the  "eye-spots" 
on  the  sides  of  scopelide  and  other  types ;  Ad.  von  La  Yalette  St.  George, 
who  has  elacidated  the  adipose  fin,  and  J.  E.  Y.  Boas,  who  has  dissected 
the  heart  and  contignoua  parts  in  Sutirinua  and  related  fishes. 

Certain  groups  have  also  received  special  attention.  Omitting  all 
reference  to  work  on  the  Tdeoste,  Petromyzon  has  been  anatomized  by 
R.  Weidersheim  and  J.  E.  V.  Boas ;  the  Selacfai^is  have  been  investi- 
gated by  G.  B.  Ercolani,  C.  Basse,  S.  M,  Garman,  and  H.  BablBackbard; 
the  osteology  of  Polyodon  has  been  described  by  T.  W.  Bridge,  and  the 
embryology  of  Lepidostens  by  A.  Agassiz.  Fossil  fishes  have  been 
described  by  E.  D.  Cope,.J.  W.  Davis,  and  B.  H.  Traqnair. 

OniGm  OF  SOUNDS  PEODUOBD  BY  FISHES.* 

jUany  fishes  are  known  to  emit  soonds  of  various  kinds,  and  among 
those  inhabiting  the  United  States  are  the  dmm-fisb  and  other  scice- 
nids  as  well  as  the  catfishes.  As  to  the  dram-fish  a  recent  writer  (Dr. 
Giinther,  "  Introduction  to  the  Study  of  Fishes,"  p.  427)  has  assumed  that 
"  a  tremulous  motion  "  is  communicated  to  vessels,  and  that  the  noise  is 
probably  "produced  by  the  fishes  beating  their  tails  against  the  bottom 
of  the  vessel  in  order  to  get  rid  of  parasites.''  This  remarkable  hypoth- 
esis renders  exact  observations  noteworthy.  The  subject  has  received 
attention  from  several  naturalists,  and  among  them  Mr.  W.  SSrensen, 
who  lias  communicated  to  the  French  Academy  of  Sciences  an  abstract 
of  a  memoir  which  is  to  be  published  in  full  in  the  "  Naturhistorisk 
Tidsskrift,"  of  Gopenhageu.  Mr.  Siirensen's  observations  were  made  on 
South  American  Characinids  and  Silurids.  "The sound  is  produced  by 
the  action  of  the  muscles  which  are  inserted  either  directly  in  the  swim- 
ming-bladder or  upon  the  transverse  apophyses  of  the  third  vertebra, 
lu  the  Characini  the  elastic  parts  of  the  swimming-bladder  are  stretched 
in  the  direction  of  their  length  by  the  contraction  of  the  muscles,  and 
the  vibration  that  results  from  this  rhythmic  movement  is  transmitted 
to  the  air  contained  in  the  cavity  of  the  swimming-bladder.  In  the 
Siluroids  the  anterior  portion  of  the  swimming-bladder  is  drawn  alter- 
nately forward  and  backward  by  the  contraction  and  relaxation  of  [he 
muscles.  During  these  movements  the  air  in  passing  across  the  incom- 
plete transverse  septa  sets  the  latter  in  vibration,  and  the  sound  is  pro- 
duced. The  height,  or  rather  the  depth,  of  the  sound  is  in  direct  propor- 
tion to  the  rapidity  of  the  vibrations  of  the  springs," — the"  springs" 
being  the  transverse  apophyses  of  the  vertebne. 

'SfiTeDBenCW.)  Onthe  Apparatnaof  Sonndin  BomeSaathAmeiicanFlBlMS.  Amu 
Mag.  Jfat.  BUI.,  (6,)  voL  iv,  pp.  99-100.     (From  Comptea  Eaidm,  Hay  19,  lBn.\ 


THE  FUNCTIONS  OF  THE  AIB-BLADDEB. 

The  physiological  relations  of  the  swimming-bladder  of  fishea  have 
been  coaaidered  by  Professor  Harangoni,  in  a  special  commuBicitioii  to 
the  Freuch  Academy  of  Sciences,*  Some  of  the  views  enunciated  were 
quite  novel ;  whether  they  are  entirely  tenable  remains  to  be  seen.  (1) 
It  was  contended  that  one  of  the  principal  results  of  the  development 
of  the  bladder  was  exhibited  in  the  migration  of  fishes ;  those  destitute 
of  that  organ  do  not  leave  bottoms  of  little  depth  where  there  is  tepid 
water,  while  those  possessing  it,  which  live  in  deep,  cold  water,  i>eriodi- 
cally  seek  the  wanner  surface  water  to  deposit  their  ova.  (2)  If  living 
and  dead  fishes  are  placed  in  a  vessel  three-quarters  full  of  water,  and 
the  air  be  then  compressed,  it  is  seen  that  the  dead  dsh  &11  downward 
vhile  the  living  ascend  toward  the  surfiuse,  bnt  if  the  air  is  rarefied  the 
contrary  is  the  result.  They  suffer  irom  the  passive  influence  due  to 
hydrostatic  pressure,  and  when  brought  from  great  depths  the  bladder 
is  often  ruptured.  (3)  The  development  of  the  bladder  entails  on  the 
fish  a  double  instability :  (a)  that  of  level,  and  (b)  that  of  position,  (a) 
A  fish  with  its  bladder  adapted  to  the  conditions  existing  at  a  certain 
dr.pth  may,  through  variation  in  pressure,  be  forced  either  upwards  or 
dttwnwards,  and  is  thus  in  unstable  equilibrium  as  to  level,  [b)  The 
bladder  being  in  the  abdomen  below  the  vertebral  column,  the  centre 
of  gravity  is  above  the  centre  of  pressure,  and  the  animal  is  consequently 
constantly  liable  to  inversion,  and  such  inversion,  in  fact,  results  when 
inaction  or  death  supervenes.  This  two-fold  instabUity  compels  fishes 
to  a  constant  gymnastic  movement,  and  probably  tends  to  conserve 
their  strength  and  agility. 

TBMPEKATUBB  OF  FISHES. 

It  has  been  generally  asserted  that  the  temperature  of  flabes  was  little 
above  that  of  the  aurrouiiding  element,  except  in  the  case  of  certain  forms, 
such  aa  representatives  of  the  mackerel  tribe — the  tunny,  bonito,  &c. — 
which  have  been  stated  tohavea  temperature  of  90OF,  when  thesurround- 
ing  medium  was  80.5°.  This  statement  has,  however,  been  challenged, 
and  Dr.  Kidder  availed  himself  of  the  opportunities  offered  him  whde 
attached  as  surgeon  to  the  United  States  Fish  Commission  steamer  in 
1879,  to  institute  investigations  upon  the  8ubject.t  All  the  observations 
previously  made,  according  to  Dr.  Kidder,  had  been  confined  to  theintesti- 
nal  canal,  the  thermometer  being  placed  into  the  rectum  or  oesophagoa. 
It  is,  however,  by  no  means  In  either  extremity  of  the  intestinal  canal 
that  we  should  look  for  the  body  temperature  of  a  flab.  In  point  of 
&ct  the  experiments  show  clearly  enough  that  the  rectum  temperature 

'Murtuigoni  (C.)-  Fonctlone  de  la  YeMie  Natfttoiie  deg  PoiaeonB.  Comptce  S«nd. 
Aead.  So.,  ParU,  t.  xc,  pp.  1993,  1294. 

tEiiIder(J.H.).  Beport of EzperimentBnpoDtheAnlmalHeat of  FiaheB,&o.  Proo, 
V.  S.  Nat.  Mm.,  vol.  ii,  pp.  306-326,  1879. 
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rarely  exceeds  that  of  the  water  in  which  the  fiah  swims  by  so  much  as 
a  degree,  "  bo  that  it  may  be  quite  safely  taken  as  an  index  to  the  latter 
temperature  when  there  is  no  deep-sea  thermometer  at  hand." 

The  experiments  of  Dr.  Kidder  were  made  not  only  la  the  rectum  and 
stomach,  but  in  various  parts  of  the  muscular  tissues,  the  large  venous 
trunks,  the  cavity  of  the  thorax  after  opening  the  heart,  the  interior  of 
theheart,andbranchialarteryjandtheyoungfl8hintheovary.  Although 
Dr.  Eidder  admits  the  results  to  be  only  tentative,  he  considers  that 
enough  has  been  ascertained  to  show  that  fishes  do  develop  animal  heat 
by  their  own  vital  processes  iu  the  same  manner,  but  in  a  less  degree, 
as  do  the  higher  vertebrate  animals,  and  that  they  will  be  found  to  mani- 
fest a  temperature  much  above  the  water  in  which  they  swim.  The 
temperature,  however,  varies  a<»»)rdiDg  to  the  organization  and  the 
species.  Thus  the  dogfish  (Squalua  acanthias),  in  common  with  other 
sharks, "  possessing  a  far  more  perfect  digestive  and  circulatory  sys- 
tem than  the  cod,  shows  a  much  greater  excess  of  blood  tempera- 
ture above  that  of  the  surrounding  water;  and  cod  taken  at  the  depth 
of  15  fathoms  in  water  at  62o  F.,  show  a  less  excess  than  others  taken 
in  25  ^thorns  at  41°  E.,  but  a  greater  excess  than  blue-fish  {Poma- 
tomua  saltatrix  (Linn.)  Gill)  taken  at  the  surface,  at  69°  and  70°,  which 
is  presumably  nearer  the  normal  temperature  of  the  last-named  fish." 

Ninety-seven  fishes,  representing  16  species,  were  experimented  upon 
by  Dr.  Kidder,  aad,  Uirowing  out  doubtful  and  imperfect  observations, 
the  followiug  is  a  summary  of  the  results: 
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THE  OVARIES  OF  TBLBOST  FISHES. 

Dr.  J,  Brock  has  investigated  the  anatomy  and  histology  of  the  organs 
of  reproduction  in  the  male  as  well  as  female  of  teleost  fishes.'    The 
c  Anatomie  nnd  Histologie  der  GesoUeolitaorgtuie  der 
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female  orga  us  were  foaad  to  present  a  nnmber  of  varieties  in  the  distribn- 
tion  of  the  eggs  upon  the  surface  of  the  lamella.  As  these  differences 
will  prove  of  interest  to  the  aystematist  and  pisciculturist,  the  analytical 
table  classifying  them  is  here  reproduced. 

A.  Ovary  without  duct. 

1.  Ovary  consisting  of  a  simple  lamina  (Anguilla), 

2.  Ovary  consisting  of  nnmerons  lamineB  {8almonid<E). 

B.  Ovary  with  duct. 

1.  Ovigeroos  surface  confined  to  a  nurow  strip  of  the  wall  of  the  ovary 

or  forming  a  duplicature  of  the  wall,  with  which  it  is  in  con- 
nection by  narrow  stripes  {Scorpcena,  &e). 

2.  Ovigerous  surface  occupying  the  greater  part  of  the  ovarian  wall. 

a.  Ova  originate  in  irregular  processes  of  the  wall  {Lopohbran- 
ekii,  &c.). 

b.  Ova  originate  in  definite  lameUee  or  duplicatures  of  the  ovarian 

wall, 

1.  Lamellae  parallel  to  long  axis  of  ovary, 

a.  Whole  wall  of  ovary  beset  with  lamellee:   canal  central 
{iSargus,  Scomber,  &c.). 

b.  Part  of  wall  of  ovary  devoid  of  lamellEe;   canal  lateral 
(not  yet  observed). 

2.  Lamella  parallel  to  ti'ansverse  axis  of  ovary. 
■    a.  Ovarian  canal  central  {Perca,  Cltipea,  &e.). 

6.  Ovarian  canal  lateral  (Cyprinoidn). 

THE  PLIGHT  OF  FLYING  FISHES. 

The  characteristios  of  the  flight  of  flying-fishes  have  been  much  dis- 
cossed  and  have  given  rise  to  a  considerable  controversial  Uterature. 
In  1878,  Prof.  Carl  Mobius  re  examined  the  question  from  an  anatomical 
and  physiological  as  well  as  an  observational  basis,  and  gave  his  views 
in  quite  an  elaborate  memou'.'  Both  the  ExociBtines  and  Dactylop- 
terines  were  considered.  As  a  result  of  his  studies  Professor  MSbius 
came  to  the  conclusion  that  the  pectoral  fins  are  not  at  all  actively 
employed  during  flight ;  that  the  fishes  "  do  not  raise  themselves,  but 
are  passively  raised  by  the  ascending  currents  of  air,  which  are  caught  in 
the  grooves  on  the  under  surface  of  their  pectoral  fins."  It  is  admitted, 
however,  that  either  an  exoctetua  or  dactylopterus  may  "make  powerfiil 
and  plainly  recognizable  movements  with  its  tail  and  pectorals  during 
its  ascent  {out  of  water),  and  even  occasionally  in  the  middle  of  its  course, 
ifpromptedtheretobyastrongwettingofthebody  by  the  waves."  These 
opinions  have  been  challenged  lately,  and  have  provoked  several  com- 
munications. 

Mr.  0.  O.  Whitman  f  made  special  observations  in  the  flight  of  .E'xQcwfJ 

■HSbins  (Carl).    Die  Bewegnugea  der  fliegendeii  FiMbe  duioh  die  InA.    Zdlichr^ 

fUrwitimtehaftUcke Zoologie,  vol.  xxx;  Supplement,  p.  343. 
*WliitmaQ(C.  C).     Do  Flying  Fish  fly  t    4m.  Jfii/,,  vol.  liv,  pp.  aU-«64.      . 
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(ladng  a  voyage  &om  San  Fraaciaco  to  Yokohama,  and  maintains  (1) 
that  he  aaw  them  oat  of  water  "when  the  air  wae  almost  motionteBs"  and 
that,  in  fact, "  they  were  not  mnch,  if  at  all  lessnumeroason  snob  occasioDS 
than  when  there  was  a  moderate  wind";  (2)  that  the  flapping  move- 
ment is  quite  regular  and  very  rapid ;  and  (3)  that  tJiis  mov^neot  *'  may 
be  continued"  for  the  whole  or  a  part  of  the  flight,  but  is  geaeraliy  discon- 
tinned  after  the  flrBt  few  rods,  and  the  course  completed  by  a  pure 
ekimmiug  or  sailing  movement."  It  is  fiirther  claimed  that  "theoonrse 
-of  the  flight  is  generally  in  a  stirajght  or  onrved  line,"  bat  is  sometimea 
abruptly  changed, "  apparently  by  the  aid  of  the  tail,"  or  rather  the  lower 
lobe  of  the  caudal  flu.  The  average  flight,  it  is  thought,  "does  not  per- 
.  haps  exceed  fifteen  seconds,  nor  extend  above  four  or  five  hundred  feet" ; 
the  longest  observed  "  lasted  not  less  than  forty  seconds,  and  its  extent 
-wag  undoubtedly  over  eight  hundred  feet,  and  may  have  exceeded  twelve 
hundred  feet." 

Prof.  D.  S.  Jordan  also  carefully  examined  the  flight  of  an  Exoceeius 
{E.  californicug)  in  the  waters  of  Southern  California.*  He  observed  it 
best  "  in  early  morning  when  both  air  and  water  were  free  from  motion." 
"  Ou  rliiing  from  the  water  the  movementB  of  the  tail  are  continued  for 
some  seconds  until  the  whole  body  is  out  of  water.  While  the  tail  is  in 
motion  the  pectorals  are  in  a  state  of  very  rapid  vibration,  and  the 
ventrals  are  folded.  When  the  action  of  the  tail  oeoses,  the  pectorals 
and  ventrals  are  spread,  and,  as  for  as  we  can  see,  held  at  rest.  When 
the- fish  begins  to  foil,  the  tail  touches  the  water  tad  the  motion  of  the 
pectorals  recommences,  and  it  is  enabled  to  resume  its  flight,  which  it 
finally  finishes  by  falling  in  the  water  with  a  splash."  The  flight  was 
thought  to  sometimes  extend  to  "nearly  a  quarter  of  a  mile." 

AFFIHITIES  OF  PI.EUEAOiNTHUS.f 

In  tJie  Oarboniferous  and  Permian  deposits  have  been  found  the  renains 
of  fishes  described  under  the  name  of  Pleuracanthus,  whose  affinities 
have  been  involved  in  considerable  doubt  They  have  been  mostly  re- 
ferred to  the  Selachians,  although  suggestions  have  bewi  made  that 
they  may  belong  rather  to  the  Teleosts.  The  question  has  lately  been 
reoiieoed  by  Mr,  James  W.  Davis,  and  he  has  come  to  the  eonolosion 
that  they  claim  a  nearer  relationship  to  the  Teleosts  than  to  the  Elasiao- 
liranchs,  altboagh  there  is  equal  reascra  to  believe  that  they  itoBsess 
many  characteristics  in  common  witli  the  Sharks  and  Bays,  and  be 
4s  therefore  led  to  place  the  genus  in  an  Int^'mediate  position  between 
the  two.  The  affinities  he  thinks  are  decidedly  on  the  side  of  the  Silu- 
roids,  and  it  is  reasonable,  he  thinks,  to  consider  them  as  forerunners  of 
that  great  group  of  fishes. 

"  It  remains,"  he  says,  "  to  be  seen  what  were  the  succefisive  steps  in 

•Jordan  (D.  S.).    Do  Flying  PUIi  fljl    ^m.  Nat.,  vol,  »v,  pp.  804,805. 
1  Davis  (J.  W.).    On  the  TeleosteoD  Affinities  of  tlie  geuof  Pleanconthna.     Jim. 
Mag.  Kaf.  Hint.,  (5,)  vol.  v,  pp,  34&-367. 
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development  whicli  liave  resulted  in  tlie  completely  ossified  and  highly 
ore^iiuzed  Silaroids  now  existing." 

vWe  give  these  resnits  of  Mr.  Davis'  investigation  on  acconnt  of  the 
ImportaDoe  of  the  gnestion  involved,  bnt  it  seems  beet  to  add  that  there 
casi  he  no  dose  relationship  between  the  Teleosts  and  tAe  Selachians, 
and  that  the  qoestion  as  to  the  relationship  of  the  palffiozoio  fishes  con 
onl;  be  asoertaiued  after  the  examination  of  specimens  in  a  far  more 
satisf^tory  condition  than  any  that  have  yet  been  foand. 

THE  PLATTSOMIHa  AND  PAL^OHIBCIDS. 

Two  of  the  most  frequently  occurring  groups  of  fishes  occurring  in  the 
paleozoic  formation  are  the  Pal^eoniscidse  and  the  Platysomidae.  The 
afiBnities  of  these  types  have  been  bnt  little  understood  heretofore,  and 
Dr.  B.  H.  Traqoair  has  therefore  been  led  to  a  re-esamlnation  of  the 
subject.*    He  has  reached  the  following  conclusions : 

"  1.  That  the  Platysomidae  are  specialized  fiirms,  which  have,  if  the 
doctrine  of  descent  be  tme,  been  derived  from  the  Pal^eoniscidie.  Their 
stracture  presents  us  simply  with  a  modification  of  the  Palaeoniscoid 
type;  and  wherever  the  PalaeoniscidBe  are  placed  in  the  system,  thither 
the  Platysomidse  must  follow. 

"2.  The  resemblances  between  the  FlatysomidEe  and  the  Dapediidse 
and  PyonodontidiB  are  mere  resemblances  of  analogy  and  not  of  real 
affinity.  The  Dapediidse  are  related  not  to  the  Palffioniscidai  or  Platy- 
somidee,  but  to  the  other  semiheterocercal  Oanoids  of  the  Jurassic  era 
{L^idotus,  &c.) ;  and  the  Pycnodonts  are  higly  specialized  forms,  whose 
general  affinities  point  in  the  same  direction." 

Professor  Traqnair  concludes  that  the  Palieoniscidce  and  Platysomidae 
belong  to  the  "Aeipenseroid  sub-order  of  Ganoids." 

The  characters  ascertained  to  distinguish  the  Platysomidce  and  F^- 
eeoniaeidffi  scarcely  appear  to  wurant  the  conclusions  of  Professor  Tra- 
qnair. Professor  Cope,  indeed,  has  been  led  by  the  consideration  of 
Piofesaor  Traqaair's  studies  to  a  very  different  result,  and  one  approx- 
imating, appu^ntly,  more  to  nature.  Copel  hag  proposed  to  differentiate 
the  fonnsin  question  as  representatives  of  "  a  distinct  group  of  the  same 
rank  as  those  [he  has]  called  orders,"  and  given  to  it  the  utaaelysopteri. 
They  are  defined  as  "actinopterous  fishes,  with  the  median  fin-rays  not 
joined  to  the  interhesmal  and  iutemeural  bones,  and  not  coinciding  with 
-them  in  number  j  and  without  subopeavulnm." 

ON  THE   BEXES  OF  THE  EELS.f 

As  Is  generally  known,  the  sabject  of  the  reproduction  of  the  eels  was 

■l^KqiiairCBamsayH.)-  The  Platysomidie.  Ann.  Mag.  Nat.  Hist.,  (5),  Tol,  vi,pp. 
97, 98.  On  tha  Stractare  and  Afflnitiea  of  the  Platj-somidte.  Trans,  Soy.  Soo.  Edin- 
burgh, vol.  xxii,  pp.  343-3S1,  pi.  3-6. 

tCopa(E.  D.).     Traqnair  on  Platyaomidra.    Am.  Nat.,  vol.  xiv,  pp.  439,440. 

t  Cattle  (B.  Th.).  Ueberdie  Oenitalien  der  miiimliclien  Aalennt)  ilneaexnal  Unter- 
•oheide.  Zool.  Am.,  vol.  iii,  pp.  3T5-2T9.  <0u  the  Genitalia  of  mde  Eels  and  tbeir 
•«cn»l  oharactets.    Proe.  J7.  5  Mii.  Mim.,  toI.  iii,  pp.  280-284.)       ;,L.00QIC 
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for  a  long  time  involved  in  obscurity,  but  many  data  have  been  acca- 
malated  within  the  laat  few  years,  and  now  we  have  the  elements  for  a 
pretty  satisfactory  determination  of  the  sexes.  The  ova  and  milt  have 
been  found  by  several  investigators,  and  the  last  statement  is  that  the 
individuals  of  the  two  sexes  may  be  distinguished  by  external  character- 
istics. In  the  female  eel  the  snout  is  comparatiTely  narrow,  and  a  very 
considerable  size  is  sometimes  attained.  la  the  male  eel  the  snout  is 
notably  broader,  and  the  length  attuned  rarely  exceeds  19  or  20  inches. 
The  eggs  of  eels  when  mature  are  only  about  one-tenth  of  a  millimeter 
in  diameter,  and  there  are  several  millions  in  the  ovary  of  a  moderate- 
fdzed  individual.  It  is  now  well  determined  that  they  go  to  the  sea,  and 
there  the  sexual  organs  are  developed,  and  in  comparatively  deep  water 
Uie  ova  are  deposited  and  fecundated.  The  yonng  in  due  timeascend  the 
rivers.  The  eel  is  thns  an  example  of  a  catadromotts  fish — that  is,  one 
descending  from  the  fresh  water  into  the  sea  to  breed ;  and  thus  contrasts 
with  the  salmon,  shad,  &c.,  which  are  anadromous — that  is,  ascending 
firom  the  sea  into  tr^h  water  to  breed. 

FLEURONECTIDS  WITHOUT  PECTOBAI.S. 

As  is  well  known,  some  of  the  Soleids  are  more  or  less  deficient  in 
pectoral  fins,  and  one  genus  has  been  named  on  account  of  the  total 
absence  of  these  members  Achirus.  Until  lately,  however,  no  Pleuro- 
nectids,  in  the  restricted  sense  of  the  term,  were  known  to  he  destitute 
of  the  fins.  There  nevertheless  seem  to  be  quite  a  number  of  forms  be- 
longing to  the  family  inhabiting  waters  of  considerable  depth  in  which 
the  pectorals  are  redaced,  or  may  be  even  almost  entirely  wanting. 
Several  types  show  gradations  in  that  the  fins  in  question  are  less  de- 
veloped and  that  of  the  blind  side  disproportionately  small,  but  in 
Monolene  aesaiticauda  of  Goode*  the  pectoral  fin  on  the  blind  side  is 
*' totally  absent,"  and  in  a  new  type  called  Lepidopsetta  maculata  by 
Giinther,  discovered  by  the  Challenger  expedition  near  the  Antarctic 
Ocean,  "off  Prince  Edward's  Island,"  we  have  the  "pectoral  entirely 
absent  on  the  blind  side,  and  represented  by  a  small  rudiment  only  on 
the  colored."  t 

It  may  be  here  added  that  L^idopaetta  of  Giinther  is  entirely  dif- 
ferent from  Lepidopaetta  of  Gill,  and  therefore  should  have  a  different 
name.  Mancopaetta  may  be  substituted  and  refers  to  the  defective 
provision  with  fins. 

*  Goode  (G.  Brown).  Descriptious  of  tieveu  new  species  of  fiehes  ftom  deep  Bonndings 
«n  the  sonthem  New  England  coast,  with  diognoaes  of  two  uudeaciibed  genera  of 
Flounders,  and  a  new  genng  related  to  Merlucius.  Froc.  U.  S.  Nat.  Mat,,  vol.  iiL, 
pp.  337-350  (336). 

tGUnther  (Alliert).  Beport  on  the  scientific  lesults  of  the  voyage  of  H.  M.  8.  Chal- 
lenger dnring  the  yeara  1B73-76.  Zoology,  toI.  i,  part  vi.  Beport  on  the  BhaK 
Fishes.     London,  1880.     (p.  18.) 
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A  NEW  CALIFOBNIAN  FAMILY  OF  FISHES. 

A  conple  pf  remarkable  forms  were  discovered,  daring  1880,  in  the 
Califomian  seas,  by  Messrs.  Lockiagton,  Joidsn,  and  Gilbert.  Mr.  Lock- 
iDgtoQ  named  the  species  discovered  by  him  Icotteus  (Bnigmatieui,*  while 
that  obtained  by  Messrs.  Jordan  aud  Gilbert  has  been  called  I<nchthyg 
Zockingtonuf  Both  these  forms  inhabit  tolerably  deep  water,  and,  indeed, 
are  known  as  "  deep-water  flsh  "  by  the  flsh-dealers  of  Saa  Francisco. 
The  forms  thus  refeired  to  differ  in  a  number  of  peculiarities  &om  each 
other,  bnt  essentially  agree  and  have  been  associated  by  Messrs.  Jordan 
aDd  Gilbert  nnder  one  family,  to  which  the  name  Icosteidce  has  been 
given.  The  chief  distinetive  character  is  the  imperfectiou  of  the  ossifi- 
cation and  the  consequently  flexible  bones,  a«  well  as  limpness  and 
flabbiness  of  the  body  and  integnments.  The  family  is  considered  to 
belong  to  the  Traehinoid  group,  and  is  defined  as  follows : 

"Body  oblong,  compressed.  Head,  moderate,  unarmed;  the  sub- 
orbital without  bony  stay.  Mouth  terminal,  little  obhqne ;  the  premax- 
illary  not  protractile;  the  maxillary  slender.  Teeth  minnte,  sharp, 
erect,  in  one  series  on  the  jaws  only.  No  barbels.  Gills  4,  a  slit  behind 
the  fourth.  Gill-openings  wide ;  the  membraoes  fl-ee  from  the  isthmos. 
Gill-rakers  slender.  Branchiostegals  7.  Dorsal  and  anal  fins  long,  with- 
ont  spines.  Caudal  fin  with  many  recurrent  accessory  rays,  on  a  slender 
peduncle.  Pectoral  fins  rounded,  with  the  carpal  bones  slightly  ex- 
serted.  Ventral  fins  thoracic,  1, 5,  or  1,  i.  Vent  normal,  without  anal 
papilla.    PseudobrauchiEB  present." 

Icosteus  has  a  naked  body  {save  some  spinules  along  the  lateral  line), 
and  the  ventrals  qaadriradiate  (I,  4).  Icichthys  has  small  scales,  and 
the  ventrals  quinqueradiatc  (I,  5). 

A  NEW  ECONOMICAL  FISH. 

On  the  banks  off  the  American  coast,  in  about  latitude  40°  N.  and 
longitude  70°  W.,  is  found  a  fish  in  large  numbers  of  &  type  previously 
to  1879  nndescribed-t  It  has  been  made  known  by  Messrs.  Goode  and 
Bean,  under  the  name  lArpholaiiltis  chamwleonticeps.  It  belongs  to  the 
family  Zatilidte,  and  its  few-rayed  vertical  fins  and  other  characters  ap- 
proximate it  to  the  genus  LaiiliiS,  but  it  is  distinguished  from  all  other 
representatives  of  the  femily,  and,  indeed,  from  all  related  fishes,  by  the 
development  of  a  large  adipose  appendage,  resembling  the  adipose  fin  of 
the  SalmonidtE,  upon  the  nape.    The  labial  folds  upon  the  sides  of  the 

'LockiiiKton  (W,  N.).  Besoription  of  a  newgeuoBand  some  new  specieB  of  Califor- 
nia PislieB  (IcoiUhi  anigntatieut  and  Osuwru*  altenvalua).  Proc.  U.  S  Xat.  Mu».,  vol. 
iii,  pp.  63-68. 

tJoidan  (Davids.),  and  Charles  E.  Gilbert-  Descriptiouof  a  uew  Bpeolea  of  deep- 
-watei  Fish  {IdcXthy*  Lodcingtoni)  trom  the  coast  of  California.  I'roc.  V.  S.  Xat.  Mhs., 
vol.  iii,  pp.  305-308. 

tOoode(G.  Brown),  and  TailtonH.  Bean.  Description  of  a  new  gemis  and  species  of 
Fish,  Lopkolatilva  chamailBonticeps,  from  the  south  coast  of  New  England.  Proi.  U.  S. 
Sat.MM.,  vol.  iii,  pp.  205,206, 1879.  CjOOQIC 
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mouth  are  also  developed  into  fleshy  prolongatiouB,  or  tentacles.  The 
apecjos  attains  a  large  size,* sometimes  reaching  or  even  exceeding  the 
weight  of  fifty  pounds.  In  life  the  color  is  hriltiant ;  above  it  has  a  vio- 
]a«eouB  tint,  while  the  lower  parts  are  whitish,  with  some  areas  of 
yellow.  There  are  nomerous  greenish-yellow  spots,  the  largest  about  a 
third  of  the  diameter  of  the  eye ;  across  the  caudal  fin  are  about  eight 
Btiipes  of  the  same  color.  "The  soft  dorsal  has  an  upper  broad  band 
of  violaceous,  and  a  narrow  basal  portion  of  whitish."  The  first  speci- 
mens obtained  "  were  caught  with  menhaden  bait  in  July,  1879,  while 
trying  for  cod,  fifty  miles  south  by  east  of  t(o  Man's  Land,"  at  a  depth 
of  75  fathoms,  and  on  a  very  hard  clay  bottom.  "Two  miles  inside  of 
this  bottom  there  is  nothing  but  a  green  ooze,  on  which  no  fish  will  live." 
The  LopAoUitilus  is  very  abundant  and  bites  freely.  Large  nnmbers 
have  been  taken  since  the  discovery,  and  it  is  possible  that  the  species 
may'become  a  regular  object  of  fishery. 

THE  EOCK-FISHES  OP  CALIPOENIA. 
One  of  the  most  interesting  and  unexpected  results  of  the  investiga- 
tions of  Messrs  Jordan  and  Gilbert"  among  the  fishes  of  the  Pacific 
coast  of  Korth  America  is  the  great  development  of  species  of  the  family 
of  Scorpxnids  representing  the  genua  Sebasticktkys  or  closely  related 
ones.  Excluding  Bebastodea,  eleven  species  had  been  prevlonsly  made 
known,  and  even  then  it  was  considered  to  be  a  remarkably  well  devel- 
oped type,  bat  the  recent  investigations  of  Messrs.  Jordan  and  Gilbert 
have  revealed  the  existence  of  not  less  than  25  species.  These  occar  in 
different  al^sociations,  and  are  found  in  several  bathymetrical  zones ; 
they  are  mostly  caught  In  large  numbers  by  the  Italian  and  Portugese 
fishennen,  and  taken  to  the  markets  of  San  Francisco.  Th^  exhibit 
almost  every  gradation  in  the  extent  of  the  armature  of  the  head,  and 
the  transition  between  the  typical  representatives  of  the  groups  Sebas- 
tichthys  and  Sebastosomus  are  such  as  to  indicate  that  they  are  of  not  more 
than  subgeneric  value.  Some  of  the  species  are  very  formidably  armed, 
as  in  the  case  of  the  8.  nigrodnctus  and  8.  aerricepa,  while  others,  as  the 
8.  melanapa  and  8,  flavidua,  have  the  spinous  ridges  almost  obsolete. 
Several  species  are  very  vividly  colored.   Such  is  especially  the  8.  rubri- 

'Jordan  (Bavid  8.},  and  Charles  H.  Gilbert.  Description  of  a  new  species  of 
"Hock-cod"  {SebatHch&yt  lerruepi),  from  the  coast  of  Califumia.  Frvc.  U.  S.  Xat. 
Mm.,  TOl.  iii,  pp.  3&-40. 

Description  of  anew  apeciesof  "Roclc-fiBh"  (SebattioTtthya  oarnatvt),  fromUie 

coast  of  California.    Proc.  U.  8.  1{<U.  Mm.,  toI.  iii,  pp.  73-75. 

Description  of  two  new  speoiea  of  Sebaatichthys  {S^oMeklhgt  e»tomel»*  and 

SAtuHchlhyt  rlwdoohloria),  from  Monterey  Bay,  California.  Proc.  V.  S.  Nat.  Mk»., 
vol,  iii,  pp.  142-146. 

Description  of  seven  new  speclee  of  Sebostoid  fishes  &om  the  coast  of  Cali- 
fornia.    Proc.  U.  S.  yat.  Mvt.,  vol.  iii,  pp.  287-298. 

Description  of  a  new  8corp»noid  fish  {Sebagtickthji>  vtaUger),  fiom  the  coast  of 

California.    Proc.  U.  S.  Nat.  Mui.,  vol.  iii,  pp.  322-324. 

Description  of  a  new  Scorpnnoid  ftsb  {Sebaatiekthys  prortger),  from  Uonteray 

Bay,  California.    Proc.  U.  S.  Nat.  i/w.,  vol.  iii,  pp.  327-339. 
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vinctiu,  whiolL  is  known  to  the  fishermen  as  the  Spaniah  Flag,  and  is,  ac- 
cording to  Jordan  and  &Ubert,  "  the  most  brilliantly  colored  large  fish 
on  the  Pacific  coast."  Of  the  species  of  the  genus  as  understood  by  out 
authors,  23  have  been  already  detected  in  or  near  the  bay  of  San  Fran- 
cisco, 25  in  Monterey  Bay,  14  at  Santa  Barbara,  5  at  San  Diego,  and  9 
occur  as  far  north  as  Puget  Sound. 

A  DEEP-SEA  BOCK-FISH. 

As  has  been  indicated  with  regard  to  the  Oalifomiaii  ScorpEeoids,  the 
successire  bathymetrical  zones  are  inhabited  by  different  species,  and 
as  we  descend  downwards  we  find  one  set  of  species  gradually  disap- 
pear, to  be  succeeded  in  the  lower  zone  by  another  combination.  It  has 
been  conjectured  that  in  still  deeper  water  we  may  find  yet  other  forms. 
What  may  be  expected  is  suggested  by  a  species  secured  by  the  Chal- 
lenger Expedition  in  the  "  Inland  Sea  of  Japan,"  off  Inosima,  at  a  depth 
of  "  345  Mhoms."  It  has  been  illustrated  by  Dr.  Giinther  (Report  on 
the  Shore  Fishes,  p.  65,  pi.  27),*  under  the  name  of  St^KO^  maerochir, 
without  any  consideration  of  its  relations.  It  is,  nevertheless,  note- 
worthy for  several  peculiarities.  The  typical  sx>ecies  of  Sebastes  have 
15  (14-1-1)  dorsal  spines  and  about  30  (e.  g.,  12-|~19)  vertebne,  while 
the  species  of  Sebaatickthps  and  allied  forms  have  12  or  13  (12-|-1)  dorsal 
spines,  and  24  (14+10)  vertebrae.  The  "  Sebastea  macrockir"  has,  like 
the  typical  species  of  Sebastea,  15  (14+1)  dorsal  spines,  but  the  verte- 
bne  are  unknown,  although  they  are  probably  developed  in  increased 
numbers.  (The  soft  portion  of  the  dorsal  issaidbyDr.Giinther^tohave 
sis  rays,  but  nine  are  figured.)  The  principal  characteristics  of  the  spe- 
cies, however,  are  the  peculiar  structure  of  the  pectorals  and  ventrals, 
and  the  position  of  the  latter.  The  pectorals  have  a  wide  base,  and  are 
produced  backwards  near  the  upper  margin  (and  not  medially),  while 
the  (five)  lower  rays  are  thickened  and  extend  much  beyond  the  rays 
next  above  in  a  linguiform  lobe ;  the  ventrals  are  situated  directly  un- 
der (and  not  behind)  the  axils  of  the  pectorals,  and  the  outer  rays  are 
produced  thick  and  unbranched.  These  characteristics  are  the  more 
noteworthy,  inasmuch  as  many  deep-sea  fishes  have  the  lower  pectoral 
and  ventral  rays  differentiated  and  modified  as  "feelers."  The  "Sebastes 
wiocrocWr  "  is  evidently  not  a  trne  "^6a«te«,"  and,  on  account  of  the  form 
of  the  i)ectoraJ8  and  position  of  the  ventrals  just  indicated,  should  be 
distinguished  generically.    It  may  be  called  8eba8b>lobvs  maerochir. 

REPTILES,  ETC. 

FEATURES  OF  PROGRESS. 

Like  ickthyology,  herpetology  is  a  common  denominator  for  very  dif- 
ferent classes — the  amphibians  and  reptiles — which  receive  attention- 

'  GUutber  (Albjtt).  Report  on  tbeScieatific  Eeealts  of  the  Voyage  of  H.  M.  S.  Cbal- 
lenger.  Zoology,  vol.  i,  part  vi.  Report  on  the  Shore  Flslies.  London,  1880.  4to., 
e2  pp.,  32  pi.  ijij ,,,  ;j  I,  LiOOi^jlC 
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as  a  wholefi^m  the  same  specialists.  As  in  ttie  case  of  ichthyology,  only 
a  few  of  the  numeroas  contribntioas  to  the  branch  made  iltiriDg  the  past 
two  years  can  be  referred  to. 

The  syatematic  an-angeineDt  has  been  exhibited  In  the  popular  works 
on  natural  history  published  under  the  names  of  Bronn  {by  C.  K. 
Hoffman),  Brehm,  and  Cassell  {by  H.  G.  Seeley). 

The  skull  has  been  examined  in  various  stages  of  development  by  P. 
Stohr  (for  Urodela),  and  W.  K.  Parker  (for  typical  lizards,  chameleons, 
and  tnrtles),  while  B.  Wiedersheim  has  monographed  the  entire  skele- 
ton of  a  salamander — Pleurodeles.  The  heart  and  its  functions  have 
been  studied  by  M.  LSort,  B.  Lachsinger,  and  Q.  Siebert;  and  the 
Embryology  by  C.  von  Bambeke  and  F.  M.  Balfonr  (for  the  lizards). 

New  species  have  been  described  by  many,  B.  D,  Cope  being  the  most 
prominent  among  American  naturalists,  while  several  marine  chelonians 
have  received  new  names  from  S.  W.  Garman. 

VajiouB  faunas  have  Ukewise  received  attention.  O.  Boettger  and  E. 
Boser  have  attended  to  the  Portuguese  Amphibians  and  A.  Toumeville 
to  the  French  ones,  and  discovered  what  they  have  considered  to  be 
"new  species"  in  those  old,  long-known  countries. 

The  Ccecilians  have  been  investigated  by  both  W.  Peters  and  R. 
Wiedersheim ;  the  poisonous  serpents  of  Eorope  by  E.  de  Betta. 

The  extinct  species  have  received  the  attention  of  E.  D.  Cope  and  O. 
0.  MarshintheUnitedStates,  andinEnglandof  J.  W.  Hulke,  R.  Owen, 
H.  G.  Seeley,  and  W.  H.  Twelvetrees. 

«  ICHTHYOSAURUS  VIVIPAEOUS. 

Within  the  body  cavity  of  various  Ichthyosauri  small  individuals  of 
the  form  have  been  several  times  found,  and  it  has  been  generally 
supposed  that  they  had  been  devoured  by  the  large  ones.  Professor 
Seeley  has,  however,  looked  into  the  question,  and  has  come  to  the  con- 
clusion that  JoAtAyosaurtw  was  really  viviparous.  The  position  of  the 
small  skeletons  within  the  body  is  such  as  to  make  the  viviparity  of  the 
animal  much  more  probable  tluin  the  inclusion  by  swallowing.  There  is 
at  any  rate  no  inherent  improbability  whatever  in  the  viviparity  of 
the  type.  Indeed  the  question  whether  a  reptile  is  viviparous  or  ovipa- 
rous is  of  comparatively  little  moment,  as  it  simply  depends  upon  a  slight 
degree  of  retardation  in  the  retention  of  the  ova,  or  the  inclusion  for  a 
slightly  longer  time  within  the  body  of  the  parent.  There  is  no  signih- 
cance  such  as  exists  between  the  viviparity  of  mammals  and  the  oviparity 
of  birds.     (Academp  ;  also.  Am.  Nat.,  vol,  xiv,  p.  60,  January,  1880.) 

THE  LIMBS  OF  MOSASAUEOIDS.* 
Among  the  most  interesting  of  the  reptiles  of  the  Cretaceous  e]>och 

*  Marsh  (O.  C).  New  Cbaractere  of  Mosaaauroid  Reptiles.  Am.  Jour.  Science,  (3,) 
vol.  xiv,  pp.  83-87,  pi.  1. 

Oweu  (E.),  On  the  occnrrenoe  of  rare  extinct  Vertobrat«s  found  fragmentarily  in 
England.    No.  3.    Ann.  and  Mag.  Nat.  Eiat.,  (5,)  vol.  t,  pp.  177'-181,  pi.  8.   ^^1^ 
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arc  tlie  Mosasauroids,  first  introduced  to  ecience  through  a  gigantic 
"  Saurian"  vhose  remains  were  found  in  the  valley  of  the  Mease  in  Ger- 
many (whence  the  name).  Recent  discoveries  ia  America  have  greatly 
eDlightened  ns  as  to  the  characteristics  and  pecnliarities  of  structure  of 
the  type.  The  group  was  much  better  developed  in  America  than 
in  Earope,  and  the  skeleton  is  now  tolerably  well  known.  It  has  been 
asserted  that  the  form  was  destitute  of  limbs,  or  at  least  of  a  pelvis  and 
sternum,  and  that  in  tMs  as  well  as  in  other  respects  it  approached  the 
Ophidians  rather  than  the  tme  Saurians.  Professor  Marsh  has  recently 
discovered  remains  which  prove  conclusively  that  they  had  a  well-de- 
veloped scapular  arch  and  a  sternum  of  goodly  proportions,  and  that 
there  was  an  equally  well  developed  pelvis,  with  pnbic,  iliac,  and  iscbiac 
bones,  all  distinct  and  of  good  size.  Another  bone,  not  previously  found, 
is  the  "transverse  bone"  of  Cuvier,or"ectopterygoid''  of  Owen.  This 
has  likewise  been  detected  in  several  genera,  and  is  an  L-shaped  bone, 
sutuially  united  by  one  ramus  with  the  corresponding  processes  of  the 
"pterygoid"  and  joining  at  the  other  the  posterior  end  of  the  maxillary. 
Professor  Marsh  has  further  identified  (1)  as  pterygoid  bones,  those 
also  called  pterygoid  by  Cavier  and  which  have  well  developed  teeth, 
while  he  considers  (2)  as  palatines,  small  edentulous  bones  in  front  and 
outside  the  pterygoids,  and  interposed  between  them  and  the  slender  vo- 
mers. Hence  Professor  Marsh  concludes  that  the  new  characters  thus 
presented  are  all  Lacertilian  rather  that  Ophidian,  but  inasmuch  as  the 
Mosasauroids  are  distinguished  by  various  important  characters,  he 
proposes  to  segregate  them,  as  a  suborder  under  the  name  "  Mosasaoria." 
As  a  previous  name  had  been  given  to  the  group,  however — Pythono- 
morpha — that  name  should  be  retained,  whatever  maybe  the  valuation 
tbat  attaches  to  the  distinctive  characters. 

BIEDS. 

IIXUSTEATED  VOLUMES,  ETC. 

The  usual  activity  has  been  manifested  by  ornithologists.  The  tend- 
ency to  give  an  exaggerated  value  to  trivial  characters  still  lingers. 
One  author,*  for  example,  recognizes  two  subclasses  and  26  orders  in 
this  most  homogeneous  of  types,  and  for  tholittle  morphologically  diversi- 
fied Passeres  not  less  than  53  families  are  provided  I  Numerous  memoirs 
on  the  birds  of  special  regions,  ou  various  groups  of  the  class,  on  the 
anatomy  of  certain  types,  and  on  the  system  in  general  have  been  pub- 
lished in  the  organs  of  sundry  societies  and  in  other  periodicals  and 
reviews.  A  number  of  special  volumes  have  also  been  issued,  and  among 
such  the  following  serial  publications  are  the  most  noteworthy. 

Of  faunistie  works  are:  F.  DdO.  Godman  and  O.  Saltih's  "Biologia 
Oen trail- Americana"  (parts  1  to  7);  J.Gotjld's  "Birds  of  Asia"  (parts 

"Sclater  (P.  L).  Bemarks  oa  tUe  present  state  of  tlie  S7ateina,  Avium.  Ibia,  (4,) 
vol.  iv,  pp.  340-350, 399-410. 
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-32) ;  J,  Gould's  "  Birds  of  New  Guinea  and  adjacent  Papnan  iBlands," 
&c.  (parts  9-11);  V.  Lbggb's  "  History  of  the  Birds  of  Ceylon  "  (part3)j 
T.  Salvadoei'S,  "  Prodromns  Ornitbologise  Papoasise  et  Moluccaram 
(parts  6-9). 

Of  families  are :  B.  G.  Elliot's  "  Monograph  of  the  Bacerotidse,  or 
fomily  of  Hombills  (parts  7-8);  J.  Gould's  "  Supplement  to  the  Tro- 
chilidfe,  or  Hamming  Birds  "  (part  1) ;  P.  L.  3clatbb's  "  Monograph  of 
the  Ja«amus  and  Puff-Birds,  or  &milies  Galbolidie  and  Bucconidffi " 
(part  4);  G.  £.  Shelley's  "Monograph  of  the  Ginnyridie,  or  family  of 
Son- Birds"  (parts  7-  ). 

And  of  oontinnations  of  general  works  are :  H.  SoHLECtEL's  "  Museum 
d'Histoire  Natorelle  des  Pays-Bas"  (tome  S,  including  Tinamids  and 
Megapodids);  B.  BowdlbbShabpe's  "Catalogue  of  the  Birds  of  liie 
British  Museum"  (roU  4,  containing  the  " Gampophagidte  and  Mnscica- 
pidtB  "). 

IHB  ODONTOBNITHEB,  OB  TOOTHED  BIBDS.* 

Perhaps  the  most  trenchant  ideas  associated  in  our  minds  with  birds 
relate  to  the  development  of  the  feathers,  the  insertion  of  the  tail  in  a 
fan-like  manner,  and  a  hill  destitute  of  true  teeth,  although  frequently 
provided  with  serrations  or  special  odontoid  enlargements  of  the  catting 
edges.  In  the  Cretaceous  period,  however,  there  must  have  existed  many 
forms  possessing  characters  in  which  they  resembled  reptiles  rather  than 
living  birds.  One  of  those  types,  as  is  now  generally  known,  was  distin- 
guished by  the  development  of  nnmerous  caudal  vertebrae  of  elongated 
form,  extended  backwards,  and  provided  with  feathers  on  the  latent 
edges,  thus  contrasting  remarkably  with  the  abbreviated  concentrated 
coccyx  and  radiate  feathers  of  the  living  forms.  This  ancient  type 
{Archaopteryx)  also  differed  in  so  many  respects  from  the  typical  birds, 
and  on  the  other  hand  approached  the  reptiles,  that  even  recently  the 
opinion  has  been  expressed  by  an  eminent  naturalist,  Carl  Togt,  that  it 
was  really  a  reptile  rather  than  a  bird.  This  form  appears  also  to  have 
been  provided  with  well-developed  teeth,  although  the  exact  cliaracters 
of  those  teeth  remain  yet  to  be  elucidated.  In  America  there  existed 
at  nearly  the  same  period  forms  which,  in  most  respects,  approached  the 
typical  birds  more  than  did  the  Archceopteryx,  but  which,  nevertheless, 
were  distingiiished  by  well  marked  characters.  There  were  two  of  these 
types. 

In  one  form  the  vertebrfe  were  biconcave,  (thus  resembling  those  of 
fishes  and  the  Gecko  lizards,)  and  the  teeth  were  well  developed  and 
implanted  in  regular  disconnected  sockets  and  partly  shed  and  replaced 
by  others  of  later  growth.  The  species  possessing  these  characters,  80 
far  as  they  have  come  to  light,  had  also  large  wing  bones,  and  the  meta- 

'Maish,  (0.  C.)-  OdoDtomithes:  AMonograpli  on  the  Extinct  Toothed  BirdsofNortti 
America,  with  thirty-foar  plains  and  forty  wood-cuts.  Waahington,  GrOvemmeDt 
Printiug  Office,  1S80.  4to,  pp.  i-xr,  301.  Also,  A  Monograph  on  the  Odontomlthea, 
or  Toothed  Birds  of  North  America.  By  Prof.  Monli.  An,  Jour.  8ami*  (3)  n>l.  ui, 
pp.  255-276.     April,  1881. 
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carpals  were  anchylosed.    These  have  been  distingitislied  as  typical  of 
an  order  which  has  been  called  by  Professor  Macah  "Odontotomue.'" 

Another  form  had  vertebrte  like  those  of  living  birds — i.  e.  saddle- 
shaped — and  the  teeth,  although  well  developed,  were  implanted  in  a 
groove  and  not  in  distinct  sockets.  The  wing  bones  in  the  typical  forms 
were  small,  and  no  metacarpals  have  been  found.  These  have  been 
regarded  as  also  constituting  a  distinct  order,  to  which  Professor  Marsh 
has  given  the  name  '^Odontolcce.^' 

AECH-aiOPTEKTX. 

It  will  be  remembered  that  the  scientific  world  was  somewhat  Hurtled 
by  the  discovery  in  1861  of  the  body  of  an  animal  in  lithographic  stone 
at  Solenhofeo  in  Bavaria,  which  appeared  to  be.  intermediate  between 
the  reptiles  and  the  birds,  ahd  whitdi  exhibited  a  combination  of  charac- 
teristics found  in  neither  of  those  classes.  While  by  some  it  was  believed 
to  be  a  reptile,  by  Professor  Owen,  who  gave  an  ehiborate  monograph  of 
it,  it  was  referred  to  the  class  of  birds,  and  since  then  has  generally  been 
conceded  to  belong  thereto.  Lately  a  second  specimen  has  been  found  by 
Mc.  Haberlean,  a  son  of  thedisooverer  of  the  first,  andhas  been  the  subject 
of  a  renewed  examination  by  Prof.  Carl  Yogt.*  Some  additional  char- 
acteristics have  been  revealed  by  the  specimen;  the  head  is  preserved 
in  a  much  better  condition  than  in  the  first  specimen,  and  the  jaws  can 
be  examined.  The  latter  in  the  upper  mandible  has  two  small  conical 
pointed  teeth.  Thefollowing  summary  gives  the  conclusion  of  Professor 
Vogt: 

"The  head,  the  neck,  the  thorax  with  the  ribs,  the  tail,  the  thoracic 
girdle,  and  the  whole  anterior  member  are  clearly  constructed  as  in  rep- 
tiles ;  the  pelvis  has  probably  more  relation  to  that  of  reptll^  than  that 
of  birds ;  the  posterior  limb,  on  the  contrary,  is  that  of  a  bird.  In  all 
respects  the  reptilian  homologies  predominate  in  the  skeleton.  There 
remain  the  feathers.  Here  there  is  no  doubt;  they  are  birds'  feathers 
with  a  central  rachis  and  with  perfectly  formed  balbules.  The  homy 
substance  of  the  feathers  has  disappeared,  but  the  model  in  the  fine 
paste  of  the  lithographic  stone  is  so  complete  that  we  may  study  the 
smallest  details  with  the  lens.  The  new  slab  8faow«  all  the  feathers  in 
their  place.  Tho  remiges  are  attached  to  their  cubital  margin  of  the  arm 
and  hand;  they  are  covered  for  about  h^  their  length  with  a  fine  fili- 
form down;  none  of  the  remiges  projects  beyond  the  others;  the  wing  is 
ronuded  iu  its  outline  like  that  of  a  fowl.  It  is  possible  that  there  was 
at  the  base  of  the  neck  a  collar  similar  to  that  of  the  condor ;  at  least  it 
bas  been  thought  that  indications  of  such  a  thing  could  be  seen.  The 
tibia  was  covered  with  feathers  throughout  its  whole  length.  The  Ar- 
chaopteryx  therefore  had  breeches  like  our  falcons,  with  which,  accord- 

*  Vogt  (Carl).  On  Archffiopteiyz  maoroara.  Ann.  Mag.  Nat.  Hitt.,  (5j  vol.  v,  pp. 
185-168.     (Translated  from  BiWtotMgM  PnirmeJk.     1879,  pp.  702-703.         •,c\c 
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iug  to  Professor  Owen,  it  lias  the  most  resemHance  in  the  leg.  Each 
caudal  vertebra  bore  &  pair  of  lateral  rectrices ;  all  tlie  rest  of  Uie  body, 
head,  neck,  and  trunk,  were  evidently  destitute  of  feathers  and  naked ; 
we  shonld  certainly  otherwise  have  found  traces  of  feathers  npon  a  slab 
which  has  preserved  even  the  smallest  traces  of  a  fine  down.  Hence 
the  restorations  of  the  animal  hitherto  attempted  are  quite  etroaeous.'* 

According  to  Professor  Yogt  the  ArchiBt^teryx  is  neither  a  reptile 
nor  a  bird;  although  bird-like  in  its  integomeut  and  hinder  limbs,  it  is 
reptilian  in  all  the  rest  of  its  organization. 

The  Archseopteryx  has  been  derived,  Professor  Yogt  thinks,  fh)m 
"the  lizard-Uke  terrestrial  reptiles,  having  feet  with  five  hooked,  £ree 
digits,  showing  no  modification  in  tbeu'  skeleton,  but  having  the  skin 
furnished  at  different  points  with  elongated  warts,  downy  plumes,  and 
rudimentary  feathers,  not  yet  fitted  for  flight,  but  susceptible  of  farther  ' 
development  in  the  course  of  generations." 

THE  EXTINCT  PAEEOT  OF  BOUEBOK. 
It  has  been  for  some  time  recognized  that  the  large  parrots  which 
existed  in  the  islands  of  Mauritius  and  Bodriguez,  Trhen  those  lands 
were  first  visited  by  Europeans,  represented  peculiar  generic  types — 
that  of  Maoritias  the  genus  Lopht^sUtacuSj  and  the  one  of  Bodrignez  the 
gentis  Secropsittaeus.  The  large  parrot  of  the  isle  of  Bourbon  or  B^union 
has,  however,  been  generally  associated  with  the  Coracopsia  nigra  of 
Madagascar.  .  It  was  introduced  into  systematic  ornithology  in  1760  by 
Brisson,  and  a  specimen  (presumably  described  by  him)  is  still  pre- 
served in  the  museum  of  tiie  "  Jardiu  des  Flantes,"  although  the  bird 
has  long  been  extinct.  Mr.  W.  A,  Forbes  has  re-examined  the  specimen 
and  come  to  the  conclusion*  that  the  species  was  not  a  natural  associate 
of  CoracopsU,  but  the  type  of  a  peculiar  genus  for  which  he  revives  JjCS- 
son's  name  Matcarinua,  and  gives  to  it  the  new  name  Mascarinut  Du- 
boisi.  (It  may  be  recalled  here  that  G.  B.  Gray  restricted  the  name 
Coracopsis  as  a  subgeneric  term  to  the  Bourbon  parrot  and  revived  the 
name  Vaza  (of  Lesson)  for  the  C.  nigra.)  It  is,  he  thinks,  "allied  rather 
to  such  palaeornithine  genera  as  PahEomia  and  Tanygnathutf  than  to 
Piittacua,  Coraoopsia,  or  allied  forms."  The  extreme  specialization  of 
the  several  types  of  parrots  thas  restricted  to  the  islands  indicated  is  one 
of  the  most  interesting  f^ts  in  ornithology,  and  points  to  a  long  isola- 
tion of  the  areas  to  which  they  were  respectively  confiued. 

MAMMALS. 
FEAIUBES  OF  FBOOBBSS. 

The  asual  number  of  contributions  have  been  made  to  the  anatomy 
of  different  groups  and  species  of  mammals,  and  to  faunal  lists  and 
works.    Giebel's  Treatise  on  Mammals,  contributed  to  Bronn's  "Klas- 

'Forbes  (W.  A. ).  Ou  the  ByBtemalic  poBitiou  and  scientific  name  of  "Le  Perroquet 
nia8cari[i"orBrigBon.     The  Ibii,  (3,)  toI.  Hi,  pp.  303-307.  1,^^  ^     n,  CjOOQIC 
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sen  uud  OrdnuDgen  des  Thierreichs,"  has  beeu  continued  and  a 
number  of  parts  iSBued  during  the  past  two  years.  Trouessart's  cata- 
logue of  all  the  living  and  extinct  species  has  also  been  continued  in  the 
"  Revue  et  Magasin  de  Zoologie."  The  most  important  of  the  many 
memoirs  on  special  groups  is  Allen's  on  the  Pinnipeds  of  liforth  America, 
which  coutaius  besides  a  revision  of  those  of  other  parts.  The  teeth 
have  been  examined  partly  as  to  their  mechanical  and  partly  as  to  their 
taxottomic  relations,  by  Hensel  and  Byder. 

The  placentae  of  Edentates  of  the  families  of  Dasypodidte  and  Bra- 
dypodidie  have  been  examined  by  Milne  Edwards  and  Joly, — the  former 
by  Edwards  and  the  latter  by  Joly. 

O has  made  a  special  investigation  of  the  muscle  of  the  eye  in 

the  apes  and  monkeys.  Theforamiuaof  the  base  of  the  skullhave  been 
again  investigated  with  reference  to  systematic  values  by  Cope  for  the 
^luroid  Carnivores  and  by  Wingie  for  the  Insectivores. 

THE  PBOGENITOBB  OF  SIAMMA1.S. 

The  parents  of  mammals  have  been  chiefly  sought  for  in  recent  times 
among  the  early  reptiles,  and  it  has  been  supposed  that  they  were 
descended  from  forms  closely  related  to  the  Dinosauriaus  of  the  Jurassic 
and  Cretaceous  epochs.  In  a  recent  memoir  on  the  charact«ri8tics  of 
the  pelvis  in  the  mammals,  Professor  Huxley  has  challenged  this  view," 
and  has  expressed  his  belief  that  "it  appears  to  be  useless  to  attempt 
to  seek  among  any  known  Sauropsida  for  the  kind  of  pelvis  which 
analogy  leads  us  to  expect  among  those  vertebrated  animals  which 
immediately  precede  the  lowest  known  Mammalia;  for,  if  we  prolong 
the  series  of  observed  modifications  of  the  pelvis  in  this  group  back- 
wards, the  '  Promammalia'  antecedent  to  the  Monotremes  may  be 
expected  to  have  the  Oia«  and  obturator  axes  perpendicular  to  the 
sacral  axis,  and  the  iliopeetiueal  axis  i>arallel  with  it;  something,  in 
shorty  between  the  pelvis  of  the  Omitliorhyiichus  and  that  of  a  land 
tortoise;  and  provided,  like  the  former,  with  large  epipubes  intermediate 
in  character  between  those  of  the  lower  mammals  and  those  of  croco- 
diles." As  this  condition  is  not  fulfilled  in  the  Beptiles,  Professor 
Huxley  thinks  that  the  original  mammals  have  descended  from  an 
entirely  different  stock.  He  asserts  that  in  such  a  pelvis  as  the  sala- 
mander, for  example,  "  we  have  an  adequate  representation  of  the  type 
&om  which  all  the  different  modifications  which  we  find  in  the  higher 
vertebrata  may  have  taken  their  origin."  He  therefore  deduces  the 
oonclnsion  that  mammals  have  been  derived  fit>m  the  Amphibians 
through  "some  unknown  'promammalian'  group,  and  not  fi?om  any 
known  forms  of  Sanropsida."  lu  corroboration  of  this  view  he  adduces 
the  two  condyles  of  the  occipital  of  the  skull  in  which  the  mammals  are 
•HnxleyCT.  H.).  On  theCharacteraof  thePelviBin  the  Mammalia aad  theConolu- 
sioiu  respecting  the  Origin  of  Hommals  which  may  he  hased  on  them.  Ptvo.  Boi/al 
SoeUtv,  tqI.  sxvii),  pp.  39&-405,  pi.  B.  ,  , 
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paralleled  by  the  Amphibians;  and  nrges  Ibat  only  in  the  Ampbibiane 
is  tlie  artifiolM'  element  of  tlie  mandibular  arch  peiststenUy  cartilagtnoos, 
while  the  qoadrate  ossiflcation  is  emaU,  and  "the  sqaamoaal  extends 
down  over  it  to  the  osseoua  elemente  of  the  mandible,  thns  affording 
an  easy  tran^tion  to  the  mammalian  condition  of  tliese  parts."  Further, 
"the  pectoral  arch  in  the  Monotiemes,  it  is  claimed,  is  as  mnoh  like 
that  of  the  Amphibians  as  it  is  that  of  any  Samopaidan ;  aod  the  carpns 
and  tarsus  of  the  mammals  are  directly  dedacible  £rom  the  urodele 
amphibian  type.  (It  is  also  suggested  that  the  ealcar  of  the  frogs  is  in 
some  respects  comparable  with  the  spnr  of  the  Moootremes,  though  tida 
is  rather  irreleyant.)  Finally,  it  la  said  "in  all  Sanroiifflda  it  is  a  right 
aoFtte  aeoh  iriifeh  La  the  main  eondoit  of  arterial  blood  leaving  the  heart-, 
while  in  mammaJs  it  is  a  left  aortic  arch  which  performs  this  office." 
This  discrepancy  is  thought  to  be  "a  great  stumbling-block  iu  the  way 
of  the  derivation  of  the  Mammalia  from  any  of  tiie  Sauropsida;  but  If 
we  suppose  the  earliest  forma  of  both  tlie  Mammalia  and  the  Sauropsida 
to  have  had  a  common  amphibian  origin,  there  is  no  difQcnIty  in  the 
snpposition  that  from  the  first  it  was  a  left  aortic  arch  in  the  one  series 
and  the  corresponding  right  aortic  arch  in  the  other,  which  became 
the  predominant  feeder  of  the  arterial  system." 

In  later  publications*  Professor  Huxley  has  reiterated  his  opinions. 
Xhe  auceators  of  mammals  or  "  Fromammals  "  w  ould be  distinguished  from 
the  Sanropalda  by  the  possession  of  two  occipital  condyles  and  the  en- 
larged size  and  functional  development  of  the  left  aortic  arch,  while 
they  would  "probably  be  no  leas  differentiated  from  the  Amphibia  by 
the  presence  of  £in  amnion  and  the  absence  of  branohise  at  any  period  of 
life."  He  does  not  donbt  that  "when  we  have  a  fuller  knowledge  of  the 
terrestrial  vertebrata  of  the  later  Palaeozoic  epochs,  forma  belonging  to 
thifi  stage  will  be  found  among  them."  A  type  like  the  one  thus  sup- 
posed without  the  anmiou  and  corpus  callosum,  and  provided  with  func- 
tional branchifB,  would  find  a  place  among  the  Amphibians.  In  the  line 
of  descent,  from  tlie  primitive  vertebrate  to  the  mammals,  neither  the 
reptiles  nor  birds  would  intervene,  they,  according  to  Huxley,  represent- 
ing "  as  it  were  side-tracha  starting  from  certain  poiuta  of  that  line"  in- 
termediate between  the  amphibian  and  mammalian  stages  of  evolution. 

MAMMALS  OF  THE  AMERICAN  JUBABSIC. 

PreVioas  to  1827,  we  had  very  little  definite  information  respecting 
the  ffwmer  existwoe  of  mammals  in  tbe  Jurasac  (^och  of  i^orth  Amer- 
ica, althongh  Emmons  had  indicated  that  a  form  of  that  claas  had  left 
remaios  in  certain  beds  in  Korth  Oarolina.  In  the  last  several  years, 
however,  quite  a  number  of  apecies  have  been  indicated,  and  baaed  upon 
lover  jaws  or  firagments  thereof,  fonud  in  various  beds  in  the  Western 
Territories.    Up  to  the  present  time  13  nominal  species,  representing 

•  Prof.  Hnxley  on  Evolution.  Nature,  vol.  iiiii  (1),  pp.  203-204,  Doc.  30, 1360;  (2),  pp. 
«W-231,  Jan.  6,  1881.  ,  , 
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BIX  genera,  have  been  discovered.    These  have  been  named  and  indi. 
cated  in  the  American  Journal  of  Science,  as  follows: 
XV.      1878,  Jane  (459),  Dryoleates  priscus. 

xvUi.  1879,  Jnly    (61).  Stylacodon  gracilis.     (Stylodontidae  named.) 
xviii.  1879,  Sept.  (215).  Dryoleates  vorax. 

(216).  Tinodon  bellus)  (Tinodontldse  named.) 
xviii.  1879,  Kov.  (396).  Ctenaeodon    serratus.    (Flagianlacidse  (Gill 
1871)  renamed.) 
(397).  Dryoleates  arcuatus.  '  (Dtyolestidae  named.) 
(397).  Tinodon  robustos. 
(398).  Tinodon  lepidos. 
XX.      1880,  Sept.  (235).  Diplocynodon  victor. 
(236).  Stylacodon  validus. 
(236).  Tinodon  ferox. 
(237).  Triconodon  bisalcns. 
(237).  Dryoleates  obtusus. 
In  a  very  lecent  contribution  to  tbe  knowledge  of  these  types.  Pro- 
fessor Marsh  has  proposed  to  differentiate  certain  of  these  forms  into 
two  orders,  ana  of  which  be  nas  named  Fantotkeriaajxdtiie  otbetAllo- 
theria,* 

The  Fantotheria  are  distjnguisbed  by  "(1)  cerebral  bemispheres 
smooth;  (2)  teeth  exceeding  or  equaling  tbe  normal  namber,  M;  (3) 
premolars  and  molars  imperfectly  differentiated ;  {i)  canine  teeth  witb 
bifid  or  grooved  fengs;  (6)  rami  of  lower  jaw  nnanchylosed  at  symphysis; 
(6)  mylohyoid  groove  distinct  on  inside  of  lower  jaws;  (7)  angle  of  lower 
jaw  witliont  distinct  inflection;  (8)  condyle  of  low«:  jaw  near  or  below 
horizcHi  of  teeth ;  and  (9)  condyle  vertical  or  roand— not  transverse." 
To  the  group  thus  defined  Professor  Marsh  tliinka  that,  with  tbe  ex- 
oeption  of  a  very  few  aberrant  fonns,  tbe  known  Mesozoic  mammalu 
may  be  mostly  refierred. 

The  AUoikeria  are  distinguished  by  having  "  (1)  teeih  much  below  the 
normal  number;  (2)  canine  teeth  wanting;  (3)  premolar  and  molar 
teeth  specialized;  (4)  angle  of  lower  jaw  distinctly  inflected;  (5) 
mylohyoid  groove  wanting."  The  group  so  distinguished  is  proposed  for 
the  graias  Pltigiaulaa!,  represented  by  a  species  originally  described 
by  Owen,  and  of  which  representatives  have  been  likewise  foand  in 
Amerioa,  and  to  it  are  referred  the  new  genus  CteTiacodon  of  Marsh, 
"  and  possibly  one  or  two  otYi&e  genera." 

It  will  be  oat  of  place  to  traverse  the  conclusions  of  Professor  Marsh, 
but  those  best- acquainted  witli  the  mammals  will  agree  that  whatever 
may  be  the  relations  of  tbe  forms  above  difierentiat^d,  it  still  remains 
to  be  proved  that  they  are  entitled  to  ordinal  distinction,  for  certainly 
tiie  diaraotets  adduced  are  not  generally  considered  to  be  entitled  to 
saoh  valae  by  the  majority  of  modem  tberologists. 

"HanihCO.  C).  Notice  of  Jnrossio  Mammsls  repreaentiog  two  new  Orders,  ^nt. 
Jtmm.  Sdam,  (3,)  toL  xx,  pp.  S35~239,  Sept.  1880.  (See,  also,  vol.  xv,  p.  459;  toI, 
xviii,  pp,  60,  215,  396, 1879.)  uu ,,,  .j  t,  L,00QIC 
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DAGYUEID8  IM  NEW  GUINEA. 


The  mammaliaii  &uiia  of  ^ew  Guinea,  until  within  the  last  few  years 
but  little  known,  has  asanmed  a  special  int«refit  on  account  of  the  Dum- 
ber of  types  discovered  related  to  AustraUan  forms.  Many  groups  that 
were  supposed  to  be  peculiar  to  Australia  have  been  found  in  the  great 
island.  Among  the  most  unexpected  discoveries  were  those  of  two  dis- 
tinct generic  representatives  of  the  family  of  Tachyglossids  or  Echid- 
nids.  Besides  these  have  been  found  true  Pbalaogers,  Dwarf  and 
Flying  Fhalangers,  Goscns,  Kangaroos,  Bandicoots,  and  Phascogales. 
^o  typical  carnivorous  Marsupial  had,  however,  been  found,  but 
recently  a  species  of  that  group  has  also  been  discovered.  The  species 
in  question  belongs  to  the  family  of  Dasyurids,  and  has  been  made 
known  by  Professor  Alphonse  MUne  Edwards.*  Specimens  were  ob- 
tained in  the  Ar&k  Mountains,  at  the  entrance  of  the  Bay  of  Gelwinck, 
on  the  north  coast  of  New  Guinea,  by  the  collectors  of  M.  Bruijn,  of 
Ternate.  The  new  species  has  been  named  Basyurua  fusem.  It  is 
smaller  than  any  of  those  previously  made  known,  little  exceeding  in 
size  a  large  rat.  Its  color  is  a  very  dark  brown,  but  yellowish  beneath; 
there  iu%  small  whjte  rounded  ^ots,  regularly  disposed  on  the  upper 
part  of  the  body,  and  on  the  flanks,  shoulders,  and  thighs.  The  tail  is 
long  and  not  bushy.  The  short  thumb  is  destitute  of  a  nail.  It  is  thus 
most  closely  related  to  the  Basyurug  haUucatus  of  the  northern  extrem- 
ity of  Australia. 

PLAGUE  OP  EATS. 

It  is  tolerably  well  known  that  in  various  conntries — especially  troi>- 
ical  ones — once  every  few  years  there  is  a  raid  of  enormous  numbers 
of  "rate,"  or  ratrlike  rodents,  on  the  cultivated  crojis  of  the  planters. 
A  plausible  hypothesis  has  lately  been  promulgated  correlating  snch 
incursions  with  the  maturation  and  death  of  plants  whose  progressively 
increasing  fhiit,  till  a  certain  period,  furnish  food  for  the  increasing 
rodents;  but  when  the  crowning  crop  has  flourished  and  disappeared 
the  animals  are  forced  to  disperse  in  search  of  the  food  denied  them  in 
their  old  homes. 

Mr.  Orville  A.  Bewey  has  contributed  to  the  Eio  News  a  commnui- 
cation  reproduced  in  Nature  t  on  the  rat  plague  observed  in  the  Bra,- 
zilian  province  of  Parana,  '*This  invasion,  or  plague  as  it  is  called,  is 
said  to  occur  at  intervals  of  about  thirty  years,  and  to  be  simultaneous 
with  the  dying  of  the  taquara,  or  bamboo,  which  everywhere  abounds 
in  the  Brazilian  forests."  In  explanation  it  is  alleged  that "  the  bamboo 
arrives  at  maturity,  flowers,  and  seeds  at  intervals  of  several  years, 
which  doubtless  vary  with  the  different  species.  The  period  for  the 
species  most  abundant  in  Parana  is  thirty  years.    The  process,  instead 

'Edwards  (Alphonse  Milne).  On  a  new  species  of  DBsyiuiia  tcma  New  Qnlitea. 
Jnn.  Mag.  Nat.  HiMt.,  (5),  Tol.  vi,  pp.  171,  173. 

tDewe;  (Orville  A.).    Plagae  of  lats  in  Brazil.    Kature,  vol.  xx,  p.  05. 
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of  being  Biianltaneons,  occupies  about  five  years,  a  few  of  the  canes  going 
to  seed  the  first  year,  an  increased  number  the  second,  and  so  on  pro- 
gressively, till  finally  the  remaining  and  larger  portion  of  the  canes 
seed  at  the  same  time.  Each  cane  bears  about  a  peck  of  edible  seed," 
and  the  amount  produced  is  enormous.  A^r  seeding,  the  cane  dies. 
*'The  rats,  suddenly  deprived  of  food,  commence  to  emigrate,  invading 
the  plantations  and  houses,  and  consuming  everything  that  does  not 
happen  to  be  repugnant  to  the  not  very  f^tidious  palate  of  a  &mish- 
ing  rodent." 

Mr.  Frederick  Lewis,  in  a  subsequent  notice,"  correlates  similar  visi- 
tations of  rats  in  Oeylon  "  with  the  flowering  and  death  of  the  Nilloo 
(8trobikmthe»),  which  forms  the  greater  part  of  the  underwood  of  Cey- 
lon forests,  and  is  said  to  flower  and  die  every  seven  years." 

Mr.  Frederico  Philippi,  of  Santiago,  Chili,f  records  that  in  the  south 
of  Chili  that  analogous  swarms  of  rats  occur,  and  are  also  coincident 
with  the  crowning  fructification  and  subsequent  death  of  a  bamboo — a 
species  called  Colligne — whose  period  is  15  to  26  years. 

THE   HABITAT   OP  LOFHIOMTS   IMHAUSI.| 

One  of  the  most  remarkable  of  Uvlng  mammals  is  the  form  described 
in  1S67,  by  A.  Milne  Edwards,  nuder  the  name  Lophiomys  Imhausi.  It 
is,  it  has  been  well  remarked,  "  one  of  the  very  best  examples  of '  defen- 
sive mimicry'  known  in  the  animal  kingdom."  The  specimen  through 
which  the  species  was  originally  made  known  was  accidentally  bought 
alive  by  M.  Imhaus,  at  Aden,  in  1866,  and  thus  Professor  Edwards  was 
enabled  to  obtain  tolerably  complete  information  respecting  the  organi- 
zation and  peculiarities  of  the  anique  mammal.  It  has  been  since 
asserted,  however,  that  the  specimen  in  question  was  not  an  Arabian 
aatochthone,  but  must  have  been  brought  fi*om  the  opposite  continent 
and  probably  from  some  place  in  Kubia  or  Abyssinia.  Four  specimens 
have  now  been  obtained  and  are  preserved  in  different  European  muse- 
ums. As  indicated  by  GiglioU,  the  native  country  of  the  species  is  "now 
pretty  well  defined  by  lines  drawn  fi^m  Snakin  to  Maman  and  Kassala, 
and  thence  southward  towards  the  Somali  coast."  The  species  appears 
to  be  rare  in  its  native  country,  or  at  least  it  is  not  often  seen.  This  may 
be  on  account  of  its  habitat,  for  "it  lives  in  deep  holes  in  the  strangely 
fissured  rocks"  of  the  region  in  which  it  dwells.  It  is  a  vegetable  feeder, 
of  conrse,  and  the  stomach  of  a  specimen  obtained  at  Erkanid,  on  the 
mountains  between  Snakin  and  Singat,  was  fonnd  to  be  "distended 
with  leaves  and  yonng  shoots." 

FBOFOBTION8  AND   aESIATION  OF  IH£  UmiAN  ELEFHAITT. 

Some  exact  observations  have  lately  been  published  in  the  period  of 

'Lewis  (Frederick).    Plague  of  Kats.    Nature,  toLxx,  p.  SST- 
t  PbiUppi  (Fiederico).    A  Pla^e  of  B&ts.     Nature,  toL  zx,  p.  530. 
(Olglioli  (Henry  H.).    "LophiomyH   Imhansi."    A.  Uilne  Edwards.     Zeologianher 
Ant.,  vol.  iy,  p.  45. 
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gestation  and  the  dimenaions  of  tbe  Indian  elephant,  which  are  of  gen- 
eral interest. 

Foar  of  the  elephants  in  the  gardens  of  the  Zoological  Society  of  Lon- 
don were  weighed  and  measured  by  A.  D,  Bartlett,*  the  saperintend- 
ent  of  the  society's  gardens,  and  the  following  flgores  give  tlie  resnlt: 


Jnng  Pacba 
Snffit  CnUi. . 

Bnetom 


Circnrnfereuoe  of 
the  &ont  foot 
above  the  toes. 


Taut.  Odrt.  Qr*.  Lb. 


The  period  of  gestation  has  been  recorded  by  two  gentlemen,  Colonel 
Heysham,  of  tbe  Madras  Commissarial  Staff,t  and  Mr.  Arthur  E.  Brown, 
saperint«ndent  of  thegardens  of  the  Zoological  Society  of  Philadelphia.^ 
According  to  Colonel  Heysham  the  period  in  the  two  cases  noted  was 
nineteen  months,  and,  according  to  Mr.  Brown,  the  exact  period  was  629 
days  (from  Jane  20, 1878,  to  March  10, 1880).  The  new-born  elephant 
weighed  213  poands,  and  its  height  at  the  shoulder  was  34^  inches  and 
the  circumference  of  the  fore  feet  17  inches.  "  The  young  was  up  and 
walking  about  very  shortly  after  birth,  has  teeth  in  both  jaws,  and  socks 
with  the  mouth.  The  mamma  of  the  mother,  when  distended,  projects 
somewhat  laterally,  so  that  the  trnnk  of  the  young  one  is  thrown  np, 
and  rests,  when  sacking,  in  the  angle  between  the  shoulder  and  tho- 
rax." 

LIFE  PBItlODK  OF  THE  HIPPOFOTAMnS.  § 

Observations  in  several  zoological  gardens  have  furnished  the  basis 
fur  some  essential  data  in  the  life  of  the  hippopotamus.  It  takes  abont 
five  years  for  growth,  althoagh  it  may  continae  to  Increase  in  stout- 
ness afterwards,  and  has  been  known  to  live  nearly  thirty  years.  The 
sexual  vigor  of  the  male  doubtless  extends  over  at  least  twenty  years, 
and  perhaps  somewhat  more.  The  period  of  gestation  in  the  female 
ranges  ordinarily  firom  236  to  240  days,  and  in  one  instance  birth  en- 
sned 227  days  atter  intercourse  with  themale. 

*  Solater  (P.  L.).  Report  on  the  ditnenBions  and  weights  of  the  Indian  Elephants. 
Proo.  Zool.  Boo.,  Lmuhm,  1879,  pp.  385-388. 

tHeyBbam.  Extract  from  a  letter  addressed  to  the  prewdent,  containing  Km&rks 
npon  two  oases  of  elephants  breeding  in  captivity.  Fnm.  Zool.  Soc.,  London,  1860, 
pp.  aj-24. 

t  Brown  (Artbnr  E.).  Letter  from,  relating  to  the  birth  of  an  elephant  in  a  menag- 
erie at  Philadelphia.    Proe.  Zool.  Soo.,  Lmiimi,  1880,  pp.  222-^33. 

$  Owen  (R.).  On  the  Natoral  Fonn  of  Life  and  its  chief  periods  in  the  Hippopot*- 
mns.    An*,  and  Hag.  ifot.  Siit.,  (5,)  vol.  iv,  pp.  188-190. 
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AN  OLD  AMEBIOAN  BEAR.* 

In  the  period  dfaortly  antecedent  to  that  characterized  by  the  existing 
foona,  there  lived  in  Galifoniia  an  animal  of  the  bear  family  equaling 
in  size  the  grizzly  of  our  own  days.  The  dental  series  was  distingaished 
by-the  absence  of  distemas,  or  intervals  between  the  canine  and  con- 
tignons  teeth,  and  therefore  the  species  was  generically  differentiated 
&om  any  living  form.  The  Califomian  species  seems,  however,  to  have 
been  related  to  a  European  nrsid,  which  possessed  the  same  character, 
and  which  has  been  made  known  as  a  pecoliar  generic  type  nnder  the 
name  Arctotkerium.  The  bear  of  Galifomia  has,  therefore,  been  gener- 
ically identifled  with  this  and  described  as  Arctotherium  gimum.  The 
remains  described  by  Professor  Oope  were  fonnd  in  a  cavern  in  the  car- 
boniferous limestone  of  Shasta  County,  California,  beneath  several 
inches  of  cave  earth  and  stalagmite. 

EXTIHOI  OAT-LIEB  ANIHAI^  OF  AMERICA. 

Professor  Cope  has  recentlyt  snbjected  to  renewed  examination  the 
Felids  and  certain  forma  that  had  been  supposed  to  belong  to  that  fam- 
ily, and  has  found  that  the  characteristics  fonnd  in^all  the  existing  spe- 
cies are  wanting  in  some  extinct  types  that  areotherwlse  closely  related. 
Snch  are  the  genera  Arckalurus,  Ifimravua,  Diniotis,  FogonoAon,  and 
Hophpkoneus  at  the  American  Lower  Miocene,  and  probably  also  the 
JVoccIunM,  ^lurogalej  and  ErumiUta  of  the  European  Eocene  and  Mio- 
cene. These  genera,  so  far  as  they  have  been  criticaUy  examined,  con- 
trast with  living  Felids  in  that  there  is  (1)  a  distinct  carotid  foramen;  (2) 
the  condyle  foramen  does  not  enter  the  foramen  lacenim  poaterins;  (3) 
postglcnoid  and  (4)  postparietal  fbramina  exist;  and  (5)  an  alisphenoid 
cfuial  ia  developed.  These  characters,  in  the  opinion  of  Professor  Cope, 
are  of  family  value,  and  consequently  the  genera  so  distinguished  are 
segregated  under  the  name  Nimravids.  In  most  otber  characters,  as 
well  as  in  dentition,  they  agree  with  the  Felids.  The  several  types,  it 
Ib  said,  "  form  an  unusually  simple  series,  representing  stages  in  the  fol- 
lowing modifications  of  parts :  (1)  in  the  reduced  nnmber  of  molar  teeth} 
(2)  in  the  enlarged  size  of  the  superior  canine  teeth ;  (3)  in  the  dimin- 
ished size  of  the  inferior  canine  teeth ;  (4)  in  the  conic  form  of  the 
crowns  of  the  incisors ;  (5)  in  the  addition  of  a  cutting  lobe  to  the  ante- 
rior base  of  the  superior  sectorial  tooth ;  (6)  in  the  obliteration  of  the 
inner  tubercle  of  the  lower  sectorial  and  (7)  in  the  extinction  of  the  heel 
of  die  same ;  (8)  in  the  development  of  an  inferior  dange  and  1atero-an- 
terior  angle  of  the  front  of  the  ramus  of  the  lower  jaw ;  (9)  in  the  devel- 
opment of  cutting  lobes  on  the  posterior  borders  of  the  large  premolar 

*Cope(E.D.}.    TbeCftTeBearofCalifomw.    ^m.^a(.,T<il.  xUi.    Deo.,  1879.    Sill, 
Joar.,  ToL  xix,  p.  166. 
tCope  (E.  D,).    On  the  Extmot  Cata  of  AmericM.    Jm.  Nat,  toL  ziv,  pp.  633-668, 
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teeth."  Twenty-one  epeoies  of  the'  new  fiuuily  are  recognized,  12  of 
which  are  coiiilned  to  the  American  Lower  Miocene  and  1  to  the  Ameri- 
can Upper  Miocene.  Of  the  other  species  in  Enrope  3  oecnr  in  the 
Upper  Eocene,  2  in  the  Lower  Miocene,  1  in  tlie  Upper  Miocene,  aod  in 
India  1  in  the  later  Miocene  or  Pliocene. 

THE   BBPBBBGNTATITE  8TBATA  OF  SiHKOPE  ASB  NOBTH  AJfBBIOA.  AS 
SETEBMINBI)  FBOM  T&BTBBBATB  DATA.' 

There  has  been  only  approximate  parallelism  of  the  strata  of  North 
America  and  Europe  from  their  InTertebrate  remains,  and  inasmnch  as 
the  later  deposits  are  better  characterized  by  the  Vertebrates  than  by 
the  Invertebrates,  a  comparison  with  relation  to  the  former  was  mnoh 
needed,  and  this  Professor  Cope  has  lately  undertaken.  He  premises 
that  "  if  the  types  of  life  have  originated  independently  we  will  find  evi 
dence  of  it  by  studying  American  palaeontology ;  if  their  origin  has 
been  tbroagh  gradual  modification,  America  should  fiimish  ns  with 
many  intermediate  faonfe."  To  solve  this  question  he  thinks  "the 
identification  of  the  generic  types  of  North  American  Yertebrata  has  now 
advanced  to  a  point  which  renders  such  a  oomparison  possible.'*  This 
comparison  is  begqu  with  the  cotd  measures  and  especially  with  the 
Batrachians  of  that  period.  The  Carboniferous  Batrachians  are  "not 
yet  sufficiently  well  known  to  enable  the  most  exact  comparison  to  be 
made,  bat  close  parallels,  if  not  identities,  of  genera  exist  Such  are 
the  Oeatoe^lutlus  and  Ceraterpet<my  of  Ohio,  as  compared  with  the 
Urocord^bu  and  Ceraterpeton  of  Great  Britain."  The  Permian  vertebrate 
f^una,  as  represented  in  Illinois  and  Texas,  "  exhibits  close  parJJels,  but 
not  yet  generic  identity  in  the  two  continents."  The  Triassic  &aua  is 
much  better  known  in  Eoiope  than  in  America,  the  marine  Trias  being 
little  developed,  and  the  vertebrate  &una  of  the  Mnschelkalk  being  en- 
tirely nnknown  in  the  latter  country.  The  Kenper,  however,  is  repre- 
sented, and  a  characteristic  type  (Belodon)  existed  in  both  continents. 
The  Jurassic  faunee  have  been  thonght  to  be  but  poorly  represented  in 
the  New  World.  "  We  do  not  yet  know  any  deposits  in  North  America 
which  contain  the  typical  reptilian  genera  Plesioaaunu,  Ichthyosaurus, 
Pliosaurus,  amd  Dimorphodon,  orthe  Aahes  of  the  Dapediid{ef^  although 
recent  discoveries  by  Professor  Marsh  presage  much  for  the  fUtore.  "A 
faw  more  characteristic  fossils  of  the  Bocky  Mountain  region  represent 
the  Oolite — particolarly  the  npperOoIite — while  Teleosaurug  andSteneo- 
aaurua,  and  their  allies,  are  not  yet  known  from  North  American  beds." 

The  Cretaceoos  £anna  is  very  well  developed  in  North  America.  "  The 
ocean  of  the  interior  of  the  continent  deepened  from  the  beginning  of 
the  period  until  the  eiK>ch  of  the  Niobrara,  and  tlien  gradually  shallowed 
until  the  elevations  of  the  bottom  began  to  divide  the  waters.  The  dos- 
ing scenes  of  this  great  epoch  were  enacted  amid  a  labyrinth  of  lagoons 

*Cope(E.  D.).  TheBal&tiouBof  theHoriEOOBofExtiiiotyertebrstAOfEanipe&nd 
North  America.    Bui.  U.  S.  0«ol.  and  Geog.  Sttrvt)  Ter.,  vol.  t,  pp.  33-54.       .  ^ 
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and  lakes  of  brackislL  and  fresh  water,  wbose  deposits  form  the  bed  of 
the  Laramie  epoch."  Of  the  four  principal  horizons  of  Europe,  (1)  the 
Urgaptian  is  not  at  aU  represented,  so  far  as  known,  in  liforth  America ; 
(2)  the  O-anlt  in  its  upper  portion  and  the  Cenomanian  in  it«  lower  por- 
tion are  to  some  extent  represented  by  the  Dakota,  bat  (3)  the  greater 
portion  of  Cenomanian  is  equivalent  to  the  Colorado;  and  (4)  the  Seno- 
nian  is  paralleled  very  well  indeed  by  the  Fox  Hills  group. 

The  name  Fo8tKM«taceons  is  given  by  Cope  to  (1)  the  Laramie,  which 
has  a  very  oharacteriatio  fanna  and  is  not  represented  in  Europe,  and 
the  (2)  Fnerco,  whieh  is  perhaps  represented  by  the  Thauetian  of  that 
oontinent. 

The  Tertiary  epoch  is  abundantly  developed,  and  from  its  base  upwards 
the  strata  contain  remains  of  nomeroos  roammallaQ  types.  The  paral- 
lelism supposed  to  exist  betwe^i  the  various  beds  of  the  North  Ameri- 
can oontinent  and  Europe  are  exhibited  In  the  following  table  derived 
flrom  Profiassor  Cope's  article : 


VMSTxusowm. 

MORTH  AMBWOA. 

AstUn. 

Pliooeue. 

f 

PliooeoM. 

EqanabodB. 

PlMSMician. 

MegalonyxbedB. 

Oeningi^. 

Oeningian. 

Loap  Fork. 

Tartonian. 

Falnnian. 

lAtighian. 

AqnitoDian. 

Wtite  Hiver. 

Oregon  becU. 

Tongrian. 

White  EiTBT. 

SMtlftn. 

PioiMan. 

Uinta. 

Uinta. 

Bartonian. 

BridgM. 

Bridget. 

Bmiellian. 

WsBatch. 

OT«eii  Biver. 

Waaatoh. 

The  dedactions  Professor  Cope  has  drawn  &om  his  examination  of 
tbe  various  questions  involved  in  these  identifications  are  that  (1)  "por- 
tions of  all  the  fiuinse  of  all  the  primary  divisions  of  geologic  time  have 
been  recognized  on  both  the  European  andKortb  American  continents  " ; 
(2]  these  are  mostly  represented  in  an  inezaot  manner,  as  the  Goal  meaa- 
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nres,  the  Permian,  tfae  Laramie,  the  Maestrictitifln,  the  Eocene,  and  th« 
Miocene,  but  (3)  several  of  the  r6strict«d  diviBiong  seem  to  be  exactly 
parallel,  as  the  Taronian  vith  the  Niobrara,  the  Suessonian  iritii  the 
WasatAlt,  and  the  JSguvs  bedt  with  the  Pliocene. 

In  condoeion,  a  comparison  ia  institated  between  the  resnlte  derived 
from  the  examination  of  the  vertebrate  remains  and  those  obtained  from 
a  stndy  of  the  fossil  plants:  (1)  The  beds  determined  by  Cope  from  the 
vertebrate  remains  tobe  Upper  Cretaceous  were  identifled  by  Lesqaerenz 
from  the  plants  as  Lower  Eocene ;  (2)  the  Lower  Eocene  of  Cope  is 
called  by  Lesquerenz  Miocene;  and  (3)  the  Middle  Eocene  of  Cope 
answers  to  the  Upper  Miocene  of  Lesqnereiiz.  The  diaorepaut  results 
thus  obtained  are  remarkable  and,  says  Professor  Cope,  there  are  only 
two  possible  explanations :  "  Either  the  animal  life  of  Korth  America  has 
lagged  behind  that  of  Enrope  by  one  period  daring  past  geologic  time, 
or,  secondly,  the  vegetable  life  of  America  has  been  equally  in  advance 
of  Europe  during  the  same  period.  Id  other  words,  if  the  plant-life  of 
the  two  continents  was  contemporaoeooa,  andent  types  of  animals 
remained  a  period  longer  in  North  America  than  in  Europe.  If  anim^ 
life  was  contemporaneous,  plant-life  had  advanced  by  one  period  in 
Europe  beyond  that  which  it  had  attained  in  North  America." 

The  necessity  for  further  critical  comparisons  and  study  from  a  large 
point  of  view  thus  becomes  obvious,  bnt  it  must  be  added  that  the 
dednotions  formulated  by  Professor  Lesqaereox  are  antagonized  not 
only  by  the  vertebrate,  but  also  by  the  invertebrate  remains  of  the  same 
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INTHODUCTION. 

The  rant  and  importance  of  any  science  are  to  be  measnred  not  only 
by  the  iatrinsic  value  of  its  subjebt  matter,  bot  by  the  amoont  of  intel- 
lectual activity  which  it  demands  and  has  evoked,  and  the  contribution 
which  its  pursuit  has  made  to  human  progress  and  happiness.  In  claim- 
ing for  anthropology  tbeflrstrank  among  the  sciences,  it  is  only  designed 
to  say  that  it  stands  pre-emioent  in  the  grandeur  and  complexity  of-  its 
theme.  Although  calling  for  minds  of  the  highest  order,  it  is  beset  with 
so  nmny  difficulties,  that  men  of  the  greatest  genius  have  been  rarely 
attracted  to  it,  and  the  beneficence  of  its  results  are  so  little  apparent, 
either  in  the  augmentation  of  happiness  or  the  increase  of  solid  learn- 
ing, that  even  inferior  minds  have  been  driven  to  labor  in  other  fields. 

As  knowledge  becomes  more  complex  its  devotees  are  obliged  to  be 
more  widely  informed,  although  their  cultivation  of  each  subject  need 
not  be  so  profound.  The  abstract  mathematician  finds  his  most  arduous 
labors  in  the  solutions  of  those  problems  which  have  no  objective  reality. 
The  astronomer,  dividing  his  time  between  observation  and  speculation, 
eliminates  the  profonnder  questions  of  the  mathematician.  The  physicist 
and  the  chemist  must  acquaint  themselves  with  other  forces  than  iuer- 
tia  and  gravitetion,  and  in  the  study  of  molecular  dynamics  are  com- 
pelled to  neglect  the  processes  of  the  astronomer  and  to  accept  his  results. 
The  retro-action  of  knowledge,  also,  is  vividly  shown  in  t^e  assistance 
which  the  chemist  is  able  to  render  to  i!he  astronomer  in  the  revelations 
of  the  spectroscope.  To  the  investigations  of  the  student  of  matter  the 
botanist  adds  the  vital  phenomena,  and  the  zoologist  the  study  of  vol- 
untary motion.  The  anthropologist  is  bound  to  acquaint  himself  with 
all  of  these,  since  man  Is  amenable  to  all  the  laws  of  nature,  and,  more- 
over, has  ever  taken  their  activities  into  consideration.  His  bones  and 
relics  are  buried  in  the  Mbris  of  those  geological  ages  which  are  beset 
with  the  greatest  difficulties ;  his  body  \S  more  plastic  than  that  of  any 
other  animal,  and  the  forces  of  nature  act  upon  bim  with  a  greater  variety 
of  results,  finally  ho  thinks,  he  subdues  nature.  There  is  scarcely  a 
mineral,  a  plant,  or  an  animal  that  might  not,  with  a  little  strain,  find 
its  way  into  an  anthropological  museum,  as  helpful  or  hurtful  to  mao. 
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That  there  is  a  growing  interest  in  this  newest  of  tbe  Bciences  is  evi- 
denced by  several  considerations.  Among  these  are  the  ntaltiplication 
of  private  collections,  public  mnseams,  and  journals  devoted  entirely  to 
the  eubjeot.  The  cursory  perusal  of  a  bibliographical  list  will  indicate 
at  once  how  much  more  minutely  research  is  rami^ing  itself  iu  the 
human  subject.  The  multiplication  and  perfecting  of  instrameots  of 
precision  and  the  record  of  many  hundreds  of  observations  are  evidence 
in  the  same  direction. 

Although  the  progress  and  expansion  of  anthropology  are  very  ap- 
parent, it  is  difficult  to  indicate  their  rate  in  a  single  year,  for  the  growth 
of  knowledge,  like  the  flight  of  time,  Is  not  marked  by  trenchant  lines. 
Moreover,  many  of  the  best  works  published  in  any  year  do  not  come 
to  hand  immediately,  and  thus  are  omitted  from  every  enumeration. 
Owing  to  this  fact,  the  summary  will  have  a  somewhat  narrower  range 
than  formerly.  It  will  include  all  works  on  American  anthropology  bo 
far  as  known,  and  such  publications  relative  to  the  subject  abroad  as 
have  been  received  by  the  Smithsonian  Institution.  The  American 
summary  embraces  not  only  works  relative  to  the  American  races,  when- 
ever issued,  but  also  the  publications  of  American  scholars  in  all  depart- 
ments of  this  science. 

The  order  chosen  in  the  summary  is  based  on  the  convenience  of  spe- 
cialists, rather  than  upon  a  scientlflc  analysis  of  the  subject  The  follow- 
ing  are  the  headings  under  which  the  notes  and  the  bibliography  are 
collected ; 

I.  Anthropogeny. 
II.  Archteology. 

III.  Biology  of  man. 

IV.  Comparative  psychology. 
V.  Ethnology. 

VI.  Glossology. 
Vn.  Comparative  technology. 
VIII.  Sociology. 
IX.  Daimonology. 
X.  Instrumentalities  of  research. 

I.— Akthbopogbnt. 

Xo  epoch  making  work  like  that  of  Haeckel  has  appeared  daring  the 
year.  The  Duke  of  Argyle,  in  a  series  of  papers  entitled  "  The  Unity 
of  Nature,"  develops  a  scheme  of  law  in  nature  which  is  consistent  with 
Christian  theism.  Dr.  Lasarus  Geiget's  contributions  to  the  history 
of  the  development  of  the  human  race  have  been  translated  into  Eng- 
lish by  David  Asher  and  published  by  the  TrUbners.  The  paper  of  Dr. 
Theodore  dill  upon  the  zoological  relations  of  man  is  a  rSmm4  of  the 
evolution  theory  as  applied  to  the  human  race,  in  which  the  author 
rather  states  the  present  condition  of  the  problem  than  attempts  to  put 
fbrth  anything  new.    The  same  may  be  said  of  the  communication  of 
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Dr.  Holmes  on  tlie  diatribation  of  tlie  race,  in  the  transactions  of  the 
Academy  of  Science  of  Saint  Louis.  Pro£  Gabriel  de  Mortillet,  in  bis 
Frieuraeurs  de  Fhomme,  inclines  to  the  opinion  that  a  rude,  stone  imple- 
ment-using race  of  apes  may  have  preceded  msoi,  and,  therefor-e,  that  the 
flaked  flints  from  the  Tertiary  conld  have  been  in  use  by  these  precursors 
of  man.  The  pedigree  of  man  is  also  discussed  in  the  publications  of 
Letoumeaa,  S^adaillac,  Parker,  Perier,  Eadcliffe,  Eamon,  Vaughn,  and 
Ward.  The  most  impoi-tant  work  that  has  appeared  upon  the  subject 
in  our  country  is  Professor  Winchell's  "Preadamites""  The  title  of  the 
TOlume  is  rather  Ul-chosen,  for  the  reason  that  it  is  both  misleading 
and  too  narrow.  In  addition  to  defending  the  view  that  the  biblical 
record  relates  mainly  to  the  Semitic  peoples,  and  that  the  man  of  archieo- 
logy  is  almost  outside  of  its  pnrview,  Dr.  Winchell  has  gone  over  the 
ground  of  ethnic  distribution  with  great  care,  and  presents  a  very  clear 
statement  of  the  present  condition  of  the  inquiry. 

II.— AEOH^OLoar. 

Great  activity  has  characterized  the  archaeologists  during  the  year. 
In  the  United  States  the  subject  is  fostered  in  many  ways.  The  Smith- 
sonian Institution  and  the  lifational  Museum,  co-ox>erating,  have  their  col- 
lectors and  correspondents  in  every  Stat«  and  Territory  where  aboriginal 
rehcs  and  remains  exist.  The  Bureau  of  Ethnology,  lately  organized 
ander  Maj.  J.  W.  Powell,  has  rendered  very  efScient  aid  among  the  Pue- 
blos. Institutions  in  the  States  are  hardly  less  energetic  in  the  work. 
In  Massachusetts,  the  Archseological  lostitate  of  Boston,  the  Peabody 
Museum  of  Cambridge,  and  the  American  Antiquarian  Society  have  all 
put  onrecord  labors  of  permanent  value,  as  will  be  seen  in  the  appended 
list  of  works.  The  American  Museum  in  New  Tort  is  now  the  repository 
of  Mr.  Terry's  collection  of  American  antiquities,  besides  several  others 
illustrating  savages  in  various  pari:8  of  the  world.  The  Philosophical 
Society  of  Philadelphia  and  the  Academy  of  N^atural  Sciences  publish 
occasional  papers.  In  Ohio  the  Western  Eeserve  Society  at  Cleveland, 
the  Cincinnati  Society,  and  the  Madison ville  Society  are  actively  engaged 
in  explorations.  The  last-named  body  have  pubhshed  in  pamphlet  form 
a  detailed  account  of  one  of  the  most  thorough  Investigations  ever  made 
in  American  archeology.  The  State  geologist  of  Indiana  includes  in 
all  his  reports  an  account  of  mound  explorations  made  daring  the  year. 
The  same  is  true  of  the  Wisconsin  and  the  Minnesota  Historical  Society. 

The  Davenport  Academy  in  Iowa  and  the  Saint  Louis  Academy  in 
Missouri  are  among  the  most  active  of  our  State  societies. 

The  activity  in  tie  study  of  archaeology  does  not  end  her  e.  The  rage 
for  antiquities  among  rich  gentlemen,  both  east  and  west,  has  put  a  high 
value  upon  aboriginal  relics,  and  there  are  many  archEeological  treasures 
in  these  private  museams.  It  is  a  cause  of  regret,  however,  that  this 
cupidity  for  rehcs  has  started  up  the  race  of  Flint  Jacks  to  flood  the 
country  with  worthless  counterfeits.  ,  . 
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Archaeology  is  further  patronized  and  fostered  hy  several  periodicals, 
aa  the  Americem  Antiquarian,  the  American  Naturalist,  the  Kansas  City 
Beview,  the  Magazine  of  American  History,  the  American  Art  Review.  It 
would  be  impossible  to  speak  of  all  the  separate  prodactions  in  this  field 
of  research ;  a  f&v  only  will  he  mentioned  that  are  likely  to  infloeDce 
pnhlic  opinion  to  a  large  extent 

M.  Florentino  Amvghino  has  been  very  fortnnate  in  discoveriDg  what 
he  regards  the  vestiges  of  prehistoric  man  in  the  Pampas  of  BoenosAyres, 
an  aecount  of  which  he  publishes  in  the  first  number  of  the  Revue 
^Antkropologie  for  1880.  It  Is  a  caose  of  congratnlation  that  three  gentle- 
men in  the  City  of  Mexico,  Senores  Chavero,  Orozco  yBerra,  and  Icazbal- 
oeta  have  taken  np  the  stady  of  their  own  antiquities  on  the  spot,  in  an 
intelligeut  m^mer,  and  are  poblishing  the  results  to  the  world  in  the 
Anales  del  Muaeo  Sacional  de  Mexico. 

The  extremes  of  archteologieal  interpretation  are  represented  by  two 
expeditions  sent  out  to  Central  America.  The  Lorillard  party,  nnder 
M.  D^sir^  Chamay,  is  the  first  in  the  field,  and  an  account  of  their  results 
will  be  found  in  the  North  American  Review  for  Sept.-Dec.  This  mission 
embodies  the  Prescott  school  of  archeeologiste  who  hold  that  the  Aztec 
and  the  Maya  were  something  quite  above  our  modem  savages.  The 
Archseological  Institute  stands  for  the  opposite  view,  as  set  forth  in  the 
writings  of  Mr.  Lewis  H.  Morgan  and  of  Mr.  Bandelier,  the  agent  of  the 
Institute.  Both  parties  are  in  severe  earnest,  and  nanght  but  good  can 
come  from  hetulng  both  sides. 

In  England  the  debate  still  goes  on  as  to  th«  geological  significance 
of  certain  fiint  implements  discovered  in  the  oaves  and  brick  earths. 
Are  they  post-glacial,  intra-glacial,  inter-glacial,  or  ante-glacialt  The 
account  of  the  discussions  upon  the  subject  will  be  found  in  the  files  of 
yature.  The  appearanceof  Mr.  Dawkins's  "Early  Man  in  Britain"  is  the 
immediate  cause  of  the  controversy. 

Not  less  interesting  and  important  is  the  volume  of  Principal  Daw- 
son on  "EossilMen  and  their  Modem  Bepresentatives."  The  purport  of 
the  book  is  to  connect  aboriginal  life  as  it  has  been  enacted  before  the 
author's  eyes  In  Canada  with  the  revelations  of  archseology.  From  these 
data.  Dr.  Dawson  seeks  to  reconstmct  ancient  society  in  Europe. 

The  papers  of  Mr.  William  McAdams  are  of  especial  interest  as  show- 
ing what  excellent  work  a  farmer  can  do  who  is  willing  at  idle  times  to 
take  liis  teams  and  men  and  to  make  carefiil  explorations.  Mention 
should  also  be  made  of  the  labors  of  the  Bev.  S.  D.  Peet,  who  has  man- 
aged the  American  Antiguarian  under  great  difficulties  and  without 
salary,  until  it  has  now  reached  the  third  volume.  The  work  upon  the 
mound  pottery  of  Missouri,  prepared  by  Messrs.  Potter  and  Ebers,  and 
published  by  the  Academy  of  Natural  Sciences  of  Saint  Louis,  is  a  splendid 
work  in  every  respect — text,  illustrations,  and  maps.  The  expforations 
described  were  made  in  the  southeastern  comer  of  the  State,  at  New 
Madrid,  a  locality  singularly  rich  in  mound  relics.    Prof.  John  T.  Short, 
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of  Columbus,  Ohio,  hae  published  during  the  year  a  volome  entitled  "The 
North  Americans  of  Antiquity,"  in  which  he  has  brought  together  at  great 
pains  the  results  of  explorations  up  to  our  day.  It  would  not  be  too 
much  to  say  that  it  is  now  the  best  manual  of  American  archaeology. 
In  the  Smithsonian  Annual  Beport  for  1S79,  published  in  1880,  there 
are  many  papers  upon  archaeology.  The  one  most  worthy  of  careful 
perusal  upon  this  subject  is  that  by  Mr,  Walker  upon  the  shell  heaps 
of  Tampa  Bay,  Florida.  The  anthor  reviews  adversely  Professor 
Wyman's  theories  of  ancient  cannibalism,  and  presents  other  methods 
of  accounting  for  the  phenomena. 

Wiener's  "Perou  et  Bolivie"  is  a  gorgeous  work,  whose  material  was 
collected  at  the  expense  of  the  French  Oovemment  by  Mr.  Wiener,  who 
spent  two  years  exploring  the  graves  and  ancient  mouhments  of  the  land 
of  the  Incas. 

ni.— Biology  op  mam. 

The  title  of  this  section  is  somewhat  elastic ;  indeed  the  J^eoU  cPAn- 
Giropologie  of  Paris  divides  its  contents  between  two  professors :  M. 
Mathias  Duval,  who,  under  the  subject  of  anatomical  anthropology, 
deUvered  a  course  of  lectures  upon  anthropogenyor  comparative  embry- 
ogeny  of  the  vertebrates  during  the  last  winter,  and  Dr.  Paul  Topin- 
ard,  who,  from  the  chair  of  biology,  lectured  upon  anthropology  in  resx>ect 
of  the  living ;  inasmuch,  however,  a^  the  same  individuals  are  engaged  - 
frequently  in  the  study  of  man,  structurally  and  functionally,  and  the 
latest  text-books  take  strong  ground  that  the  two  methods  of  research 
mnst  be  prosecuted  simultaneously,  it  is  found  convenient  to  include 
within  the  same  theme  all  those  investigations  which  regard  man  from 
the  Btde  of  zoology,  ^e  Biological  Society  of  Washington  has  taken 
the  same  ground,  in  embracing  within  its  membership  osteologists  and 
oonchologists,  as  veO  as  embryologists  and  physiologists. 

A  noteworthy  fact  in  this  portion  of  anthropology  is  the  slow  but  sure 
encroachments  which  methods  and  instruments  of  precision  are  making 
upon  the  different  parts  of  the  human  body.  In  1786  was  published,  in 
Paris,  Pierre  Camper's  "Dissertation  sur  Us  differences  rSelles  qui  prS- 
tmtent  les  traits  du  visage  chez  tea  hommes  de  diffSrents  pays  et  de  diffi- 
reiUa  Ages.^  The  facial  angle  has  received  more  carefiil  scrutiny  at 
the  hands  of  GeofEroy  St.  Hilaire,  Guvier,  Gloquet,  Jacqnart,  Broca, 
and  many  other  distinguished  anatomists.  The  cubage  of  the  cranium, 
the  situation  and  direction  of  the  foramen  magnut^,  the  occipital,  basal, 
md  nasal  angles,  and  the  cranial  Indices  have  assumed  an  importance 
even  greater  tlian  the  fkcfal  angle.  The  scapidar  index,  thoracic  index, 
pelvis,  femnr,  tibia,  and  even  the  digits,  are  not  without  their  value  in 
the  problem. 

The  great  difScolty  of  collecting  the  skeletons  of  any  race  in  sufficient 
nnmbers  and  well  authenticated,  has  driven  the  anatomists  to  devise 
methods  of  obtaining  measurements  upon  the  living.    The  British  Asso- 
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ciation  has  done  very  mach  towards  eatablishmg  standards  of  compari- 
son in  this  regard.    S"or  are  the  French  very  fiir  behind  in  the  work. 

The  brain,  no  less  than  the  cranium,  continues  to  bo  the  sabjeot 
of  absorbing  interest.  The  comparatiTe  anatomy  of  the  encephalon 
holds  out  the  hope  that  here  lies  the  path  to  the  solution  of  the  problem 
of  man's  ancestry  and  origin.  On  the  other  side,  among  these  mean- 
dering labyrinths,  are  sought  the  secrets  of  the  connection  between 
material  and  spiritual  existence.  In  the  bibliography  appended  to  this 
summary,  studies  on  the  brain  Bxe  accredit«d  to  Amat,  Bordier,  Dacatte, 
Duval,  Fowler,  Spitzka. 

The  work  of  examining  the  skeletons  or  the  living  bodies  of  m^i, 
however,  has  a  decided  rival  in  the  science  of  embryology.  The  grand 
genemlizations  of  Haeokel,  in  bis  "Evolution  of  Man,"  however  faulty  in 
detail,  as  all  snch  comprehensive  speculations  mast  necessarily  be,  have 
kindled  a  vast  amount  of  interest  in  human  ontogeny.  The  researches 
of  M.  Mathias  Duval,  successor  to  the  renowned  Broca,  upon  the  origin 
of  the  cranial  nerves,  will  be  found  reported  in  the  tlotimal  de  VAnato- 
mie  et  de  la  Physiohgie,  mai-juin  and  septembre-octobre,  of  the  paab 
year. 

rV. — COMPABAIIVS  PSYOHOLOGT. 

The  question  of  the  place  of  inductive  psychology  in  the  general 
scheme  of  anthropology  is  as  yet  unsettled.  Taking  biology  in  its 
widest  sense,  as  including  life  in  all  its  manifestations,  there  could  be 
no  objectious  from  any  quarter  to  including  the  comparative  psychology 
of  man  and  the  lower  animals  within  the  purview  of  this  comprehensive 
subject.  The  reason  for  creating  a  class  distinction  in  its  favor  is  that 
there  is  a  separate  group  of  men  at  work  in  this  area.  The  problems 
and  methods  belong  to  several  subclasses.  For  instance,  assuming  the 
difference  between  the  mind  of  man  and  that  of  the  lower  animals  to  be 
one  of  degree  rather  than  one  of  kind,  or,  rather,  to  consist  in  a  more 
complicated  and  subtle  org^ization  of  the  same  elementafy  principles, 
and  not  in  the  difference  of  its  constituents,  it  is  held  that  the  careful 
scrutiny  of  the  manifestation  of  reason,  feeling,  and  volition  all  along 
the  line  of  the  zoological  scale  will  lead  up  to  a  correct  apprehension 
of  mental  and  spiritual  phenomena  in  man.  Again,  the  question  aiises 
whether  the  intncate  system  of  powers,  emotions,  and  desires  are  not 
derived  by  inheritance  and  modification  &om  simpler  Acuities.  A  very 
interesting  series  of  observations  have  been  set  on  fiwt  by  Francis  Gal- 
ton  as  |o  the  connection  of  memory  and  imagination  with  time  and 
space.  A  fourth  set  of  inquiries  rdate  to  the  order  and  method  by 
which  mentality  is  manifested  in  childhood  and  yonth.  Finally,  this 
portion  of  anthropology  has  its  bitter  controversial  side.  Between  the 
atheistical  materialists,  the  agnostic  materialists,  and  the  theistic  dual- 
ists there  still  exists  that  personal  pr^udice  which  blinds  ttie  eyes  of 
the  observer  and  confounds  right  thinking. 
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v.— Ethnolog-t, 

The  term  ethnology  is  retamed  for  all  those  descriptive  and  philosophic 
pablications  which  relate  to  the  groaps  of  meu  called  tribes,  races,  peo- 
ples, the  individaals  of  which  recognize  in  one  another  a  common  bond 
of  anion  and  an  entire  absence  of  pr^udice.  Ethnography  is  a  narrower 
word,  applying  only  to  monographs  of  different  peoples. 

The  descriptive  portion  of  ethnology  is  certainly  the  most  important 
part  of  anthropology.  When  we  reflect  that  a  very  large  part  of  the 
immeDse  collections  of  "  materianx  poor  I'bistoire  primitive  et  natarelle 
de'l'homme  "  contained  in  snch  works  as  Spencer's  Descriptive  Sociology 
are  falsehoods  or  mistakes,  we  tremble  for  the  deductions  that  are  to  be 
erected  upon  s  nch  a  crumbling  base.  This  is  not  meant  to  disparage  the 
great  work  of  such  men,  but  to  enjoin  the  utmost  caution  upon  future 
observers.  It  has  frequently  occurred  to  the  present  writer  that  we 
should  have  an  account  of  the  "  personal  equation"  of  each  narrator 
before  admitting  his  facts  into  the  general  fund  of  anthropologic  truth. 

It  is  very  difficult  to  single  out  special  works  in  ethnology,  since  there 
is  Bcarcely  a  portion  of  the  habitable  globe  that  has  not  been  visited 
during  the  past  year.  No  labor  undertaken,  however,  will  compare  with 
the  elaborate  investigations  which  have  been  prosecuted  among  the 
Indians  of  the  United  States,  under  the  patronage  of  General  Walker, 
of  the  Census  Department.  The  task  of  making  the  inquiries  and 
working  up  the  material  has  been  intrusted  to  Maj.  J.  W.  Powell,  of 
the  Bureau  of  Ethnology,  and  it  is  safe  to  say  that  there  is  not  a  little 
band  of  Indians  in  our  territory  that  has  not  been  approached  by  an 
intelligent  ethnologist.  The  war  in  Afghanistan,  in  Zululaud,  and  the 
encroachments  of  the  Bnssians  upon  the  southern  portions  of  their  domin- 
ions have  all  been  fruitful  of  valuable  ethnologic  results.  Among  the 
enlightened  nations  of  Europe  there  is  the  greatest  activity  in  searching 
out  the  racial  affinities  of  the  present  populations.  Works  of  perma- 
nent interest  have  also  appeared  upon  China,  Japan,  and  the  races  of 


A  very  valnable  paper  upon  French  and  Indian  half-breeds,  frrom  the 
pen  of  Dr.  Havard,  will  be  found  in  the  Smithsonian  Eeport  for  1879. 

VI.— Glossoloo-t. 

The  mere  acquisition  of  a  language,  or  even  the  accurate  study  of 
ite  phonology,  ite  etymology,  and  its  syntax,  is  not  a  part  of  anthro- 
pology. Linguistic  anthropology  has  reference,  first  to  the  origin  and 
life  history  of  language  as  a  whole,  and,  second,  to  the  comparative 
stndy  of  the  languages  of  the  globe  as  a  means  of  grouping  ite  peoples. 
From  the  point  of  view  taken  by  the  student  of  the  natural  history  of 
man,  all  tongues  are  alike  useM,  all  are  part  and  parcel  of  a  complex 
organism  or  links  in  the  glottic  chain.    Inasmncb  as  the  languages  of 
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savage  and  barbarous  races  aie  never  acquired  either  for  the  porposee 
of  traffic,  or  as  a  part  of  polite  learning,  it  follows  that  all  vocabnlariea, 
Byllabaries,  or  collections  of  s^tenoeB  gathered  among  sach  people  are 
materials  of  anthropology. 

Among  our  N^orth  American  Indians  there  is  at  present  great  diligence 
in  collecting  lingaiBtic  material.  The  missionaries  who  have  labored' 
•with  the  greatest  sncceBS  among  them  have  been  those  who  have  dis- 
covered that  the  compliment  paid  ijo  a  tribe  in  the  acgnisitdou  of  their 
language  returns  with  interest  to  the  teacher  in  the  form  of  increased 
confidence  and  attention.  Almost  the  entire  Scriptures  have  been 
translated  into  the  speech  of  the  eivilized  tribes.  The  labors  of  Bi^s, 
Doraey,  Vetromilye,  betur  witness  to  this  fiict,  and  famish  the  philologist 
with  some  of  his  best  material. 

The  work  of  collecting  Indian,  vocabularies,  grammars,  aud  diction- 
aries set  on  foot  by  the  Smithsonian  Institution  is  contiuned  witb  great 
zeal  by  the  Bureau  of  Ethnology.  Mr.  James  C.  Filling  is  preparing  a 
complete  bibliography  of  ^orth  American  Indian  lingnistics,  which  will 
enable  the  student  to  investigate  each  tribe  in  the  whole  body  of  its 
literature.  Mr.  Albert  S.  Qatschet  continues  his  labors  in  the  languages 
of  the  California  tribes,  and  will  produce  the  coming  year  two  large 
volumes  upon  the  Klamath. 

A  glance  at  the  bibliography  accompanying  this  paper  will  show  that 
the  same  activity  has  characterized  those  who  have  investigated  the 
languages  of  other  parts  of  the  world.  Especial  attention  might  be 
called  to  the  researches  of  Hovelacque,  Keane,  Oppert,  Powell,  Sayce, 
and  Whitney. 

The  work,  however,  that  has  attracted  mostattention  in  ttys  direction 
is  that  of  Gol.  Garrick  Mallery  upon  t^e  sign  language  or  gesture  speech 
of  mankind.  The  author  has  not  yet  completed  his  researches,  and  there- 
fore his  work  cannot  be  fully  appreciated.  The  following  tentative  pub- 
lications will  show  the  compass  of  the  undertaking.  The  first  attempt 
to  present  the  subject  publicly  was  at  the  Saratoga  meeting  of  the 
American  Association,  in  1879,  an  acconnt  of  which  will  be  found  in  the 
volume  of  proceedings  published  in  the  following  year. 

A  paper  with  the  same  titie,  not  identical  with  the  above,  but  contfun- 
ing  the  greater  part  of  it,  and  specially  designed  for  circolation  among 
ofBcers  of  the  Army  and  Savy  appeared  in  the  United  Service,  voL  ii, 
No.  2,  Philadelphia,  February,  1880,  pp.  226-243. 

In  the  American  Antiquarian,  voL  ii,  No.  3,  pp.  210-228,  the  author 
continues  his  studies  under  the  title, "  The  Sign  Language  of  the  Indifms 
of  the  Uppw  Missouri  in  1832."  This  was  a  translation  and  discussion 
of  the  gesture  signs  reported  by  Prince  Maximilian  von  Wied  Kenwied 
as  in  use  among  the  Aricaras,  &c.,  in  1832-'34. 

The  most  thoroagb  work  of  Colonel  Mallery  is  the  "Introdactaon  to 
the  Study  of  Sign  Langna^  among  the  North  American  Indians  as 
illustrating  the  gesture  speech  of  mankind."    The  chief  otgeot  uf  tiia 
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work  is  to  explain  the  principles  of  the  sign  langoage  in  snch  manner  ae 
to  properly  direct  research,  and  to  fUmish  for  observers  forma  of  descrip- 
tion and  graphic  illastratton,  so  as  to  secure  accuracy  and  nuiformity  id 
collecting  material  for  a  larger  work.  Eeviews  of  this  volume  will  be 
found  in  The  American  Journal  of  Philology,  i,  No.  2 ;  American  N'aturalistj 
May;  Penn  Monthly,  October;  Academy,  May  22;  Nature,  June  3; 
Theosophist,  Bombay,  August;  Gkina  Daily  News,  Shanghai,  May  17, 
1880^  Bekm'a  QeographiseheJakrbuch;  Gtofta*,  87,  No.  17 ;  ThePioneer, 
Allahabad,  January  15, 1881 ;  Swansea  meeting  of  the  British  Associa- 
tiou,  reiM>Tt,  pp.  630,  635. 

A  subseqaent  work,  printed  for  collaborators  only,  issued  iu  Wash- 
ington, is  entitled  "A  OoUection  of  Gestare  Signs  and  Signals  of  the 
North  American  ludlans,  with  some  comparisons." 

Vn. — OOMPiEATITE  TECHNOLOGY. 

It  is  difficult  to  find  a  \xsnn  accurately  definitive  of  what  is  intended 
to  be  included  in  this  class.  Perhaps  Mr,  Spencer's  "operative"  cate- 
gory comes  nearest.  At  any  rate  the  term  technical  anthropology 
embraces  the  description  of  the  materials,  implements,  processes, 
methods,  agents  and  agencies,  observances  and  results  which  enter  . 
into  the  activities  of  man,  in  peace  and  in  war,  at  every  step  of  his 
social  progress.  These  activities  are  of  many  kinds,  as  diversified. 
Indeed,  as  human  needs  and  desires  multiplied  by  the  varieties  of 
material  and  environment. 

The  discussion  of  this  portion  of  anthropology  is  quite  apart  from 
the  consideration  of  race.  Stone,  shell,  wood,  textile,  skins,  clay,  and 
metal  work  have  each  passed  through  an  elaboration  which  has  kept 
pace  with  the  evolution  of  culture.  The  works  upon  this  subject  during 
1380  have  included  meteoric  iron  in  its  relation  to  technique  and  the 
history  of  civilization,  aboriginal  use  of  copper,  the  origin  of  metallurgy, 
composition  of  ancieut  p<ft>tery,  savage  and  ci\ilized  warfare,  agricult- 
ural fertilizers  used  by  the  Indians,  jade  workers,  ancient  commerce, 
and  the  origin  of  the  plow  and  the  wheel-carriage. 

Two  works  by  our  own  countrymen  deserve  especial  mention  in  this 
connection.  The  Smithsonian  Institution  has  published  as  a  brochure 
an  article  by  Dr.  Edward  n.  Knight  upon  the  savage  weapons  at  the 
Centennial  Exhibition,  taken  from  the  report  of  1879.  The  work  is 
profusely  illustrated,  and  is  very  snggestive  of  many  of  the  "missing 
links"  in  the  growth  of  the  implements  of  militancy.  The  other  work 
referred  to  is  by  the  Hon.  Lewis  H.  Morgan,  entitled  "A  Study  of  the 
Houses  of  the  American  Aborigines,  with  suggestions  for  an  exploration 
of  the  rains  of  New  Mexico,  Arizona,  the  valley  of  the  San  Juan,  and 
in  Tncatan  and  Central  America,  under  the  auspices  of  the  Archieolog- 
ical  Institate  of  America."  Mr.  Morgan's  belief  with  reference  to  all 
the  remains  of  oar  country  whether  fossal,  aggeral,  or  mural,  are  well 
known.    The  gentile  system  being  given,  the  house,  be  if,  teepee,  bark 
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lodge,  loQg-hoose,  pueblo,  or  stone  palace,  is  the  natural  oatcome  of  the 
organizatiOD.  The  stadent  of  comparative  technology  cannot  afford  to 
omit  this  publication. 

Tin.— SOOIOLOGT. 

Anthropology  is  not  concerned  vith  iadividaals.  It  does  not  inqnjre 
how  be  or  they  acted  or  tbonght ;  that  is  biography  or  history.  It  is 
ever  asking  how  they  were  accustomed  to  act.  It  does  not  seek  to  know 
quid  fecerit  or  quid  fecerint,  hut  qua  mlebant  faoere.  When  men  are 
accustomed  to  do  a  certain  thing,  they  act  in  groups,  at  specified  places, 
and  during  certain  seasons.  Social  anthropology  inquires  into  the  regu- 
lative forces  of  society.  The  propagation  of  the  species  and  self-protec- 
tion lie  at  the  foundation  of  the  family,  the  guild,  and  the  state,  repre-  . 
senting  children,  craft,  and  power.  Beneath  each  of  these  lies  an  unique 
principle,  commonly  overlooked  by  writers  on  sociology.  A  combination 
of  families  does  not  constitute  a  guild  or  a  state.  The  family,  as  such, 
will  never  become  more  complex  than  the  ends  of  procreation,  nursing, 
and  rearing  of  children  demand.  A  combination  of  guilds  does  not 
constitute  a  government.  The  s^me  men,  women,  and  children  who 
may  be  classified  as  f^nilies  will  be  found  arranged  in  guilds  upon  entirely 
different  rules.  The  same  is  true  of  the  government,  both  militant  and 
industrial. 

The  student  of  sociology,  therefore,  may  set  before  himsdf  a  great 
variety  of  problems.  The  discussion  of  the  family,  including  those  ques- 
tions of  natural  forces  which  afi'ect  the  increase  or  diminution,  occupies 
a  prominent  place  in  sociology.  The  progress  from  promiscuity  through 
the  marriage  of  consangnines,  then  upward  to  the  various  forms  of  poly- 
andry and  polygyny  to  monogamy,  though  not  yet  worked  out,  has  re- 
ceived important  additions  in  the  works  of  Lorimer  Fison,  and  Br.  J. 
Bertillon. 

The  question  of  industrial  co5i>eratlons  has  as  yet  received  little  atten- 
tion. Mr.  Herbert  Spencer  gives  a  large  place  in  his  descriptive  soci- 
ology to  the  regulation  of  industrialism.  A  very  entertaining  and  import- 
ant chapter  in  human  history  will  be  the  narrative  of  the  source  and 
vicissitudes  of  human  industrial  classes. 

Ou  the  other  hand,  the  history  of  militancy  has  been  over-written. 
In  the  early  part  of  its  career  our  race  was  at  war  with  nature  as  well 
as  with  itself  Man  went  forth  to  slay  the  beasts  of  the  field,  the  fowls 
of  the  air,  and  the  fish  of  the  sea  for  food  and  clothing.  All  his  tools 
were  weapons,  all  his  methods  were  warlike,  and  the  same  social  organi- 
zation served  both  for  the  slaying  of  enemies  and  the  pursuit  of  life's 
necessities.  In  the  upper  grades  of  culture,  however,  this  is  different, 
when  the  change,  of  function  demands  a  corresponding  change  of  social 
structure. 

The  study  of  sociology  is  so  Intimately  connected  with  human  happi- 
ness that  there  is  no  lack  of  interest  or  improvement  in  this  department 
of  anthropology.    Of  ^>ecial  importance  are  the  publications  of  Ban- 


ANTHROPOLOGY.  401 

delier,  on  tUe  social  organization  and  mode  of  government  of  the  ancient 
Mexicans;  Bertillou,  on  Iiuman  statistics  in  France;  Flower,  on  f^hion 
in  deformity ;  Gore,  on  the  development  of  deliberative  government  j 
Powell,  on  the  Wyandotte  Government;  Eoyce,  on  the  method  and 
chronology  of  the  extinction  of  the  Indian  title :  and  Yarrow,  on  mortu- 
ary customs. 

IS.— Daimonology. 

The  word  "religion*'  baa  had  Bnch  a  variety  of  meanings  that  some 
anthropologists  never  employ  it.  The  tfirm  "religious"  applies  almost 
universally  to  persons,  so  the  phrase  "religious  anthropology"  would 
not  convey  the  meaning  intended.  At  the  risk  of  introducing  a  neolo- 
gism, the  term  "daimonology"  [from  Jalfioiv, — a  god,  8onI,or  destiny,)  is 
employed  to  include  all  observations  and  discussions  concerning  the 
belief  in  spiritual  beings,  the  conduct  of  men  in  view  of  their  belief,  the 
paraphernalia  by  means  of  which  these  heings  are  approached  and  ap- 
peased, and  the  body  of  dogmas  and  stories  which  have  grown  up  around 
the  various  phases  of  a  faith. 

Two  facts  are  noticeable  in  view  of  the  vast  amount  of  earnest  study 
which  has  been  bestowed  upon  this  subject.  First,  it  is  now  well  known 
that  there  are  bodies  of  myths  among  every  people  as  full  of  pathos  and 
sublimity  as  those  of  Greece  and  Borne.  Major  Powell  is  doing  excel- 
lent work  in  the  way  of  collecting  these  stories  among  our  own  Indians. 

The  Folk-lore  Society  of  Great  Britain,  as  well  as  similar  associations 
in  France  and  Germany,  were  organized  for  the  purpose  of  publishing 
in  permanent  form  the  supernatural  stories  of  uncultured  peoples. 

In  the  bibliogi'aphical  appendix  will  be  found  allusions  to  "Norse 
mythology,"  dower  fairies,  wolf-reai-ed  childien,  the  religions  of  India, 
Polynesia,  Ancient  Assyria,  and  Mexico,  the  cult  of  the  dead,  lore  of  the 
heavenly  bodies,  and  of  animals,  creation  myths,  sacred  books,  and  the 
origin  of  rdigion.  Major  Powell's  vice-presidential  address  before  the 
section  of  biology,  at  the  Boston  meeting  of  the  American  Association, 
was  a  discussion  of  mythologic  philosophy,  in  which  the  desire  to  phi- 
losophize coDcenung  the  causes  of  natural  phenomena  was  considered  to 
be  the  fundamental  principle  of  all  religions. 

X. — INSTBUMENTALITIBS. 

Each  science  has  not  only  its  field  of  operation  where  it  gathers  its 
materials,  bat  its  storehouses  where  they  are  garnered  and  its  media  of 
products  before  the  world.  Anthropology  also  has  its  implements  of 
research,  its  museums,  and  its  journals. 

The  instruments  of  precision  are  mostly  confined  to  the  department 
of  biology.  The  methods  of  collecting  and  recording  facts  for  future 
reference  are  of  immense  importance  in  prosecuting  any  study.  The 
Smithsonian  lustltation  and  the  Bureau  of  Ethnology  use  card  catalogues 
in  their  work,  so  that  information  is  always  accessible.  It  is  no  dispar- 
agement to  say,  however,  that  in  the  system  pursued  at  the  Suigeon- 
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General's  Office  in  collating  the  Index  Medicos  and  the  great  catalogue 
of  the  library,  the  plan  of  carding  knowledge  has  well  nigh  attained  per- 


The  subject  of  authropolog;  is  discussed,  first  of  all,  in  societies  de- 
voted entirely  to  this  science,  or  one  of  its  branches.  The  principal 
ones  are  the  Anthropological  lustitnte  of  Great  Britain  and  Ireland ; 
the  Soci^t^  d' Anthropologie  de  Paris ;  and  the  Anthropologische  Gesell- 
schaft  of  Germany.  Societies  also  exist  and  publish  joaruals  in  BerUn, 
Vienna,  Florence,  Madrid,  and  Washington.  Secondly,  international 
congresses  are  held  in  Tarions  cities  of  Europe.  Pre-eminent  among 
tiiese  are  the  International  Congresses  of  Anthropology,  Ethnology,  and 
Prehistoric  Archaeology,  CongiM  des  *  Am^ricanistea,  and  the  Con- 
gr6s  International  des  Sciences  Anthropologiques.  Third'y,  the  great 
national  scientific  gatherings,  answering  to  oar  own  American  At^socia- 
tion,  have  each  a  subsectiOD  of  anthropology,  and  very  many  valuable 
papers  api>ear  in  their  transactions.  Fom^ihly,  papers  of  permanent 
value  in  the  study  of  man  are  read  in  the  great  number  of  local  societies 
in  our  larger  cities  and  abroad.  Fifthly,  in  addition  to  the  joumuls,  bulle- 
tins, transactions,  proceedings,  and  contributions  of  all  these  associa- 
tions, the  popular  science  periodicals,  as  well  as  the  best  hterary  month- 
lieB  and  quarterlies,  give  place  each  month  to  at  least  one  article  upon 
anthropology. 

To  go  over  all  this  material  requires  a  vast  expenditure  of  time,  more 
than  one  individnal  can  command.  Already,  therefore,  the  science  be- 
gins to  have  its  specialists,  who  have  given  up  the  hope  of  occupying 
the  entire  field  and  have  contented  themselves  with  a  circumscribed 
area. 

The  following  bibliographical  list  does  not  claim  to  be  exhaustive.  It 
repieseuts  pretty  accnrately  what  Americans  are  doing  and  what  is  being 
done  for  America.  The  volnminons  publications  of  the  Archiv  fdr 
Anthropologie,  although  appearing  rather  late,  are  indispwisable  to  one 
who  would  prepare  an  exhaustive  bibliography  of  our  theme.  The 
abbreviations  nsed  throughout  this  paper  are  those  which  have  been 
adopted  at  the  Surgeon-General's  Office,  in  the  preparation  of  the  great 
medical  oatalogue. 
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BIBLIOGRAPHY  OF  ANTHROPOLOGY. 
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ture Series.    MacmUlan  &  Co.,  1880.    (Beviewed  in  Xatare,  June  17.) 

Lbtoubmeau,  Oh.— Le  rfegne  des  protistes  et  la  psychologie  cellulaire. 
Kev.  d?antkrop.,  1880,  pp.  282-285. 

MoETiLLET,  Gabbiel  de — Les  prficurseurs  de  I'bomme  et  lea  singes 
fossiles.    Rev.  scient,  Paris,  mai,  1880. 

Nadaillac,  M,  de — L'origine  de  la  vie.  Paris,  1880.  pp.  32.  8°. 
(Bxtr.  du  Corre^ondant.) 

Pabkeb,  Dr.  A.  J. — On  the  brain  of  a  chimpanzee.  Med.  Bee.,  If.  T.,. 
Jan. 

Pebieb,  Dr. — Sur  la  traosformisine.    Ben.  ^anfhrop.,  1880,  pp.  213-229. 

Ramon  de  Tobbbs,  Mariimez  J.— Contribucion  4  la  antropologia. 
J  Forma  el  hombre  un  reino  apart«  dentro  del  6rden  de  la  creacion  t 
Encicl  mSd.-farm.,  Barcelona,  1879,  iii. 

Batcliffe,  Dr. — On  the  pedigree  of  man.     Contemp,  Bev.,  Feb. 

Vaughn,  Mgr. — Lliomme :  son  origine,  sa  destine.  Ann.  d.  pMlog.  cJiri- 
tienne,  Jan. 

Waed,  L.  F.  (Washington,  D.  C.)— Pre-socifti  man.  JV.  Anthrop.  Soc. 
Workington,  i,  p.  68. 
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onstration of  the  existence  of  men  before  Adam;  together  with 
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ive dispersion  over  the  earth.  Chicago,  S.  C.  Griggs  &  Co.,  1880. 
1vol.    600  pp.,  with  charts  and  other  illustrations.    8°. 

[Although  this  work  bears  a  controversial  title,  it  is  a  most  excel- 
lent summary  of  ethnology.] 

II.— Aechjiologt. 

Abbott,  C.C.(Cambridge,Ma8s.) — Flint  chips.  Bep.PeabodyMiiseam, 
ii,  pp.  506-520.  ,  -  , 
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ABOEiGiNix  remaiuB  in  the  valley  of  the  Shenandoah  Biver.    Scienee,  i, 
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toriqne  des  Pampas.    Rev.  d'anthrop.,  1880,  pp.  1-12. 
AuERiCAK  Antiquarian  Society  ("Worcester  Mass.) — Proceedings,  No.  75. 

April,  1880,  p.  59.    "The  Landa  alphabet,"  by  Philipp  J.  J.  Valen- 

tini,  Ph.  D. 
Proceedings,  No.  76.    Oct.,  1880.    "  Mexican  Paper,"  by  Philipp 

J.  J.  Valentin!,  Ph.D.     p.  82.      "Notes  on  the  bibUograpby  of 

Yucatan  and  Central  America,"  by  Ad.  F.  Bandelier. 
Anales  de  Caauhtitlan.    pp.  1-32.     Appendix  to  An.  d.  Mtaeo  nacional 

deMSxieo. 
Ancelon — Sur  les  habitations  lacustres  eonnues  sons  le  nom  de  bri- 

quetagesdelaSeille.  Paris,  1880.  8°.  (Prom  Bull.  Soc  ^anthrop.) 
Anderson,  William  Gilbert  (Qaincy,  III.) — Mounds  near  Quincy, 

lU.    Smithson.  Eep.,  1879,  p.  341, 
Andbbws,  Fbakk.  D.  (Vineland,  N.  J.) — Indian  relics  irom  Schoharie, 

N.  T.    Smithson.  Eep.,  1879,  p.  391. 
Angeb — Das  gemischte  Graberfeld  auf  dem  NenstSdter  Felde  bei  Gi- 
bing.   Ztschr./.  Ethnol.,  Berlin,  1880,  pp.  106-126,  2  pi. 
Aemsteokg,  Thomas  (Ripon,  Wis.)— Mounds  in  Winnebago  County, 

Wisconsin.     SoiithBon.  Eep.,  1879,  p.  336. 
Babbitt,  Fbances  £. — Ancient  quartz  workers.    Am.  Antiqttartan,  iii, 

No.  1. 
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Nov. 
Baebee,  Edwik  a.  (Philadelphia,  Penn.) — The  fairy  pipes  of  Great 
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Beadchamp,  W.  M.  (Baldwinaville,  N.  Y.)— Wampum  belts  of  the  Six 

Nations.    Am.  Antiquarian,  ii,  p.  228 ;  Smithson.  Eep.,  1879,  p.  — . 
[In  the  flies  of  the  Onondaga  Gazette,  communications  by  the  same 

author  about  the  Onondagas  and  relics  of  the  ancient  inhabitants. 

In  the   Skaneateles  Democrat,  an  article  on   tbe  Elbridge  forts. 

Manuscript  descriptions  of  Onondaga  remains  were  deposited  with 

the  Buffalo  Historical  Society,  the  Skaneateles  Library  Association, 

and  the  Pcabody  Miisenm,  at  Cambridge,  Mass.]        ,  t  I  ■ 
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Dawkins,  W.  Botd — Early  man  in  Britain  and  his  place  in  the  Terti- 
ary period.    London,  Macmillan  &  Co.,  1880. 

Dawson,  J.  W.  (President  McGill  College,  Montreal) — Fossil  men  and 
their  modern  representatives  :  an  attempt  to  illnstrate  the  character 
and  condition  of  prehistoric  men  in  Europe,  by  those  of  the  Ameri* 
can  races.  Montreal,  Dawson  Brothers,  1880.  1  vol.  viii,  348  pp. 
Illns.     120. 

The  chain  of  life  in  geological  time.     (Last  chapter  on  the  advent 

of  man.)    Religious  Tract  Society,  London.    272  pp.     sm.  8°. 

The  antiquity  of  man  and  the  origin  of  species.    Princeton  Rev., 

Nov.,  1880. 

De  Hass,  Wills — The  monnd-hnilders:  an  inquiry  into  their  assumed 

southern  origin.     Tr.  Anthrop.  Soc,  Washington,  i,  p.  55. 
Delbos,  J. — ^Notice  sur  la  d^converte  de  sqnelettes  humains  dans  te 

Lehm  de  Bollviller  (Haut-Ehin).  Rev.  d'anthrop.,  1880,  pp.  385-394. 
Ebbhs,  H. — Modem  results  of  Egyptology.  Deutsche  Rundschau,  May. 
Bngelhaedt,  C. — L'ancien  &ge  du  fer  en  Selands  et  dans  la  partie 

orientale  du  Danemark :  les  sepultures  et  sqnelettes.   Traduit  par  E. 

Beauvois.  Copenhague,  1880.  pp.  60.  8°.  Gravures  et  planches. 
Evans,  Samuel — Notes  on  the  principal  mounds  in  the  Des  Moines 

Valley.    Smithson.  Rep.,  1879,  p.  344. 
FAILYEB,  G.  H.    (Manhattan,  Kans.) — Traces  of  aborigines  in  Riley 

County.     (Read  at  the  13tii  annual  meeting  Kansas  Acad,  of  8c.) 
Fabqtthabson,  R.   J.  (Davenport,   Iowa)— Prehistoric  trephining  in 

America.    (Read  at  Am.  Assoc,  Boston,  1880.) 

The  contemporaneous  existence  of  man  and  the  mastodon  in 

America,    Id. 
Faube,  L, — £tat  actnel  da  prohl^e  de  I'existence  de  Thomme  d,  I'&ge 
tertiaipe.    Qaz.  mid.  de  VAlffSrie,  Alger,  pp.  146 ;  149 ;  158. 
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Febgusson,  James  &  James  Burgess — The  cave  temples  of  India. 

Printed  and  pablished  by  order  of  H.  M,  Secretary  of  State  for 

India.    W.  H,  Alien  &  Co.,  London.    {Reviewed  in  The  AthentEum. 

Sept.  25, 1880;  The  Academy,  Oct.  30, 1880.) 

Fischer,  H. — Ueber  priihistorische   Kieselwerkzenge.     Arch.  f.  An- 

throp.,  1880,  xii,  pp.  273-292, 1  map. 
Gannett,  n. — Prehistoric  ruins  iu  Sonthem  Colorado.    P(^.  8c.  Month., 

■March. 
Gaudbt,  Albert — Mat^riaus  pour  I'histoire  des  temps  qaaterhaires. 

2™  fasc.  Del'existence  des  SaTgas  en  France  k  I'^poque  quatemaire, 

Paris,  Savy,  1880.    pp.  63-82,  3  pl.    4°. 
Geikie,  J,— Prehistoric  Europe:  zoogeological  sketch.     8°,    With  map 

and  illus.    London,  Eldward  Stanford. 
Gbbtais,  Henri,  &  Flobehtino  Ambghino— Les  mammtfferes  fos- 

siles  de  I'Ain^rique  du  Sad.    Paris,  Savy,  1880.    xi,  227  pp.     8P. 
Gesner,  William— !Mica  beds  iu  Alabama.     Smithson.  Bep,,  1879, 

p.  382. 
Gotvse,  F.  S, — Bulandsbar  antiquities.   J.  Roy.  Asiatic  8oc.  Bengal,  i,  iv. 
Haines,  Henry  W. — Fossil  man.    Pop.  Sc.  Month.,  July. 
Haldeman,  S.  S.— Aboriginal  pottery  and  stone  implements.    Sci- 
ence, i,  p.  112. 
Hall,  J.  H. — Cypriote  inscriptions  of  the  Di  Cesnola  collection  in  the 

Metropolitan  Mnsenm  of  Art,  New  York  City.     J.  Am.  Oriental 

Soc.,  X, 
Heath,  Rev.  Dunbab — Squeezes  of  Hamath  inscriptions.    J.  Anthrop. 

Inst.,  ix,  No.  4,  pp.  369-375. 
Henderson,  J.  G. — Ancient  mounds  near  Naples,  Illinois.    Science,  i, 

p.  112. 
Holbrook,WatsonC.  (Coleta,  111.)— Antiquities  of  Wbitesides  Conn ty, 

111.    Davenport  Acad.  Nat.  Sc,  Iowa. 
Prehistoric  altars  in  Wbitesides  Connty,  HI.    (Read  at  Am. 

Assoc,  Boston,  1880.) 
Hough,    Jambs — Mounds  in  Washington  t'ounty.   Miss.     Smithson. 

Bep.,  1879,  P.3S3. 
HovEY,  H.  C. — On   the  alabaster  quarries  and  flint  works  found  in 

Wyandot  Cave.    Am.  Antiquarian,  iii,  No.  1. 
Jackman,   F. — ^Mounds  and   earthworks  of   Rush  County,  Indiana. 

Smithson.  Rep.,  1879,  p.  374. 
Joses,  Charles  C. — Primitive  manufacture  of  spear  and  arrow-points 

along  the  line  of  tho  Savannah  River.    Smithson.  Rep.,  1879,  p.  376. 
Kains-Jagkson — Our  ancient  monuments  and  the  land  around  them. 

With  an  introduction  by  Sir  John  Lubbock.    London,  Elliott  Stock. 

(Reviewed  in  The  Atken(eum,  Aug.  7, 1880.) 
[This  volume  relates  to  the  scheme  so  long  fostered  by  Sir  John 

Lubbock  of  protecting  the  ancient  monuments  by  legislation.] 
Kabneb,  p.  L. — Kilnstliche   Hohlen  in   NiederSsterreich.    MiUh.  d. 

Anthrop.  OeseUsch.  in  Wten,  1880,  ix,  pp.  289-342,  3  pL 
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Kebb,  W.  C. — The  micaveins  of  North  Carolina.     Tr.  Am.  Intt.  Mining 

Engineers,  Feb.,  1880. 
[AUades  to  ancient  Indian  mica  mining.] 
Kesbleb,F. — fitndea  pr^Mstoriques.   LTiomme  tertiaire.   Belfort,  1880. 

8°. 
Khowles,  W.  J. — Portstewart  and  otber  flint  &otories  in  the  north 

of  Ireland.    J.  Anthrop.  Inst,  ix,  TSo.  3,  pp.  320-329. 

Flint  implements  from  the  valley  of  the  Bann.     J,  Anthrop. 

Inst,  X,  No.  2,  pp.  150-152. 

liAGifBAU,  OusTATB — Monoments  pr^bistoriqnes  dn  Berry,  par  Ludovic 

Martinet. 
Lewis,  H.  O. — Ant'^^'ty  of  man  in  America  geologically  considered. 

Science,  Oct.  16. 

The  Trenton  gravel  and  its  relation  to  the  antiquity  of  man. 

(Bead  before  the  mineralogical  and  geological  section  of  the  Acad. 
Kat.  9c.  Phila.,  Nov.  24,  1879.1 

LoBT£i,  E.  &  Ebkest  CHAnTBQ — fitades  pal^ontologiqnes  dans  le 
bassin  du  Khdne.  F^riodetertiaire.  Bechercheasarlesmastodontes 
et  les  faunes  mammalogiques  qui  lea  accompagnent.  Lyon,  Georg, 
1880.    33  pp.,  17  pL    40.    (Extr.  du  Mus.  d'Uist.  nat  de  Lyon.) 

Love,  albert  C. — Prehistoric  relics  ia  Lowndes  County,  Misa.  Am. 
Antiquarian,  ii.  No.  4. 

Low,  Chables  F, — ArchEeological  explorations  by  the  Literary  and 
Scientific  Society  of  Madisonville,  Ohio.  Part  iii.  Jan.  to  June  30, 
1880. 

LucANTE,  A. — Essai  g^ographique  sur  les  cavernes  de  la  France  et  de 
l'4tranger.    France:  Region  du  sud.    Angers,  1880.    pp.  76.    8°. 

Lull,  Edwaed  P, — On  the  determination  of  the  age  of  prehistoric 
remains.     Tr.  Antkrop.  8oe.  Washington,  i,  p.  27. 

MacAdams,  Willlam — Antiquities  of  Jersey  and  Calhonn  Counties, 
m.     {Published  in  county  history.) 

Ancient  agricultural  implements  of  stone.    (Bead  before  Amer- 

'  ican  Association  for  the  Advancement  of  Science,  at  Boston  meet- 
ing, Aug.  30, 1880.)     Science,  Sept.  11. 

Sea-shells  in  ancient  moonds.    (Bead  before  A.  A.  A.  S.,  at 

Boston  meeting,  Aug.  31, 1880.) 

The  prehistoric  cave  men  of  Illinois.     (Read  before  Nat.  Hist. 

Soc.  of  lUinois,  Springfield,  Feb.  10,  1880.) 

The  pipes  of  the  mound  builders  and  pottery-makers.    (Bead 

before  A.  A.  A.  S.,  Boston  meeting,  Aug.  31, 1880.) 

, Stone  implement  from  base  of  drift.    (Itead  before  A.  A.  A.  S., 

Boston  meeting,  Aug.  30, 1880.) 

Ancient  mounds  of  Illinois.     (Bead  before  A.  A.  A.  S.,  Boston, 

Aug.  28,  1880.) 

Monnd-bnilders  and  cave  men  of  Illinois.    (Bead  before  Chicago 

Academy  of  Sciences,  March  23, 1880.) 
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MoGuiEE,  J.  D.— Shell-heapa  of  South  River,  Maryland.  Tr.  Antkrop. 
800.  Watkington,  i,  p.  31. 

McLeaji,  J.  P, — A  study  of  American  archeeology.  UniversftKHt  Quar- 
terly, July. 

Mastodon,  mammoth,  and  man.    2d  ed.    Cincinnati,  Robert 

Clarke  &  Go. 

Mabtinet,  Ludotic— Monnmeata  pr^historiqaes  da  Berry.  Sev.  ^an- 
tkrop. ,  1880,  pp.  469-492. 

Mason,  Otis  T.— Observation  on  Aztec  and  Ouatfimalan  antiquities.  IV. 
Anthrop.  Soc.  WaskingUm,  i,  p.  6. 

MiLLEBCAMPS,  G. — Silex  tailing  et  emmanch^s  de  I'^poqne  m^rovin- 
gienne.    Paris,  1880.    p.  a    &°. 

Mitchell,  Bbainebd — Mounds  in  Pike  County,  111.  Smithson.  Kep., 
1879,  p.  367. 

MOBGAK,  Lewis  H. — Description  of  an  ancient  stone  pueblo  on  the 
Animas  River,  N.  Mex.,  with  a  ground  plan.  Rep.  Peabody  Mus., 
ii,  pp.  536-566. 

Morse,  E.  S. — Dolmens  in  Japan.     Pop.  Sc.  Month.,  March, 

The  Omori  shell  mounds.    (From  Nature,  April  15, 1880.)     Some 

recent  publications  on  Japanese  archseology.    (From  the  Am.  Nat- 
uralist, Sept.,  18S0.)     Pamphlet  pnb.  at  Salem,  Mass.,  1880. 

Newlon,  W.  S.  (Oswego,  Kans.) — Glacial  scratches  and  evidences  of 
human  agency  in  petrified  wood.  (Read  at  the  13th  annual  meet- 
ing, Kansas  Acad,  of  Sc.) 

KOEEIS,  P.  W. — Prehistoric  remains  in  Montana,  between  Fort  Ellis 
and  the  Yellowstone  River.     Smithson.  Rep.,  1879,  p.  327. 

OehlbEjAkthue— Stone  cists  near  Highland,  Madison  County,  III. 
Smithson.  Rep.,  1879,  p.  366. 

Oppeet,  M. — La  m^thode  cbronologique.    Eev.  hist.,  July. 

Peet,  Stephen  D. — The  emblematic  monnds  and  the  totemic  system 
of  the  Indian  tribes.  (Read  before  the  Wisconsin  Acad,  of  Sc.  and 
Art.)    Am.  Antiquarian,  iii,  No.  1. 

[Stephen  D.  Peet,  of  Clinton,  Wis.,  editor  of  the  American  Anti- 
quaricBo,  a  quarterly  journal  of  anthropology,  which,  during  1880, 
appeared  in  its  second  volume.  Mr.  Peet  has  contributed  largely  to 
his  own  periodical,  and  also  has  published  the  following:  The  mound- 
builders:  a  classihcation  of  the  different  groups  of  their  works 
(Bead  before  the  Gongr6s  des  Am^ricanistes  at  Luxembourg,  Sept., 
1876.    Republished  in  Am.  Antiquarian,  ii,  No.  3.] 

Pehgblly,  W, — ^The  time  that  has  elapsed  since  the  era  of  the  cave- 
men of  Devonshire.    Scient.  Man.,  Oct.  7. 

Pbbkins,  G.  H.  (Museum  of  Univ.  of  Vt.)— Archseology  of  the  Cham- 
plain  Valley.    Proc,  Am.  Assoc.,  Saratoga  meeting,  pp.  528-539. 

Relation  of  the  archfeology  of  Vermont  to  that  of  the  adjoining 

States.   Science,  Oct>  2,  1880. 

J'ETBiE, -W.  M.  Flindees — Stouehcuge:  Plans,  description,  aud  the- 
ories.   London,  Stanford.     (Reviewed  in  Athenaeum,  Sept.  18, 1880.) 
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PiBTTE,  SlDOUARD — Nomenclature  des  temps  aiithropologiques  pritoi 

tifs.    Laon,  1880.    pp.  8.    8°. 
PoTTEB,  W.  B.,  &  Dr.  Edward  Etbrs — Coutributions  to  the  archie- 

ology  of  Missouri,  by  the  anihseological  section  of  the  St.  Louis 

Academy  of  Sciences.    Part  I.    Pottery.    30  pp.,  6  maps,  24  plates. 

4°.     (Review  in  the  Am.  Naturalist,  by  O,  T.  Mason,  and  in  the 

Am.  Art  Eev.,  by  F.  W.  Putnam.}  - 
Prbseevation  of  monuments.    Committee  on  classifying  and  preserv- 
ing the  megalithic  monnments  of  France.    Eev.  ^antkrop.,  1880,  pp. 

188-189. 
Price,  F.  G.  Hilton — Further  notes  on  the  Romano-British  cemetery 

at  Seaford,  Sussex.    J.  Antkrop.  Inst.,  x,  So.  2,  pp.  130-136. 
Quick,  Edgar  R. — Mounds  in  Franklin  County,  Indiana.    Smitbson. 

Rep.,  1879,  p.  370. 
Rau,  Gharlbs  ( Washington,  D.  C.) — Tablero  del  Palenque  en  el  Mnseo 

Nacional  de  los  Estados-0nidos.     (Translated  in  the  Analea  del 

Mmeo  nacioTWi  de  MSxico,  by  Sres.  Joaquin  Davis  and  Miguel  Peres.) 
Redding,  B.  B. — Prehistoric  treasures.     Califomian,  Feb. 
Renault,  Dr.  Ch. — Inventaire  des  d^couvertes  pr^hietoriques  et  gallo- 

romaines  &ites  dans  les  environs  de  Cherbourg.     Cherbourg,  1880. 

pp.  30.    8o. 
Reynolds,  Elmer  R. — Ossuary  at  Aceotink,  Va.    Tr.  Anthrop.  8oc. 

Wmhington,  i,  p.  92. 

Indian  mounds  in  the  Shenandoah  Valley.     Tr,  AniKrvp.  8oc. 

Washington,  i,  p.  103. 

Turtle- back  celts  and  their  nses.     Tr.  Anthrop.  Soe.  Washington, 

!,  p.  30. 

On  the  aboriginal  shell  heaps  at  Pope's  Creek,  Md.     Tr.  An 

ihrop.  Soc.  Washington,  i,  p.  23. 

Aboriginal  paint  quarry.     Tr.  Anthrop.  Soc.  Washington, 

U. 

Aboriginal  cemeteries  near  Piscataway,  Md.     Tr.  Anthrop.  Soe. 

Washington,  i,  p.  13. 

. The  ancient  Boai>stone  qnarries  near  Wafihington,  D.  C. 

Peabody  Mus.,  ii,  pp.  526-535. 

Bhode,  J. — Los  pueblos  del  Rio  Negro.  Bol.  Inst.  Argent.  Qeogr.,  1880, 
No.  3,  pp.  151-167. 

RiALLE,  GrBARD  DE — Eeview  of  Schliemann's  Troy  and  Mycenie. 
Rev.  Wanthrop.,  1880,  pp.  77-89;  of  German  anthropology,  p.  97, 

Rice,  A.  Thorndike — Ruined  cities  of  Central  America.  S.  Am.  Her, 
Aug. 

Robertson,  R.  S,  (Fort  Wayne,  Ind.) — The  motmd  builders  of  Amer- 
ica. Mag.  Am.  Hist.,  iv,  p.  174.  (Reprinted  from  the  Ootnpte-rendu^ 
of  the  Congr^  international  des  am^canistes,  Lnzembonrg,  1877.) 

Kochebrune,  it.  T.  de — Recherches  d'ethnographie  botaniqae  sur  la 
doredes  sepultures  p^ruviennes  d'Ancon.  Bordeaux./  pp.  M.  8°. 
(Extr.  des  Actes  de  la  Soci4t4  UnnSenne.)  '  t> 
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KocK,  MiL&g — On  the  effacing  power  of  tropical  lorest-growth  in  Trini- 
dad Island.     Tr.  Anthrop.  Soe.  Washington,  i,  p.  26. 

Rosenberg,  A. — Die  Werlistiitten  des  Steinzeitalters  auf  der  Insel 
Rflgen.     Ztackr.f.  Ethnol,  Berlin,  1880,  pp.  176-192. 

I£tgh,  O, — ^Norwegian  antiquities:  Arranged  and  explained  by  Prof.  O. 
Eygh,  of  Cbristiania.  v.  1.  London  and  Ghristiania.  (Reviewed 
in  The  Athenwum,  Sept.  11,  1880;  The  Academy,  Aug.  14.) 

Salisbury,  StbphenJi.  (WorceBter,  Maes.) — The  Mayas;  Discoveries 
in  Yucatan;  The  Mexican  calendar  stone;  Maya  archfeology;  Mex- 
ican copper  tools;  Maya  chronology.    Pamphlets. 

Satow,  Ernest — Aucieut  sepulchral  mounds  in  Eandzuke,  Japan. 
Tr.  Asiatic  Soc.  of  Japan,  viii,  pt.  iii,  pp.  333-368,  41  illus. 

SAVAas,  J. — Stone  implemeuta  found  in  Tr^o  County,  Kansas.  (Read 
at  13th  annual  meeting,  Kansas  Acad.  Sc.) 

Short,  John  T. — The  North  Americans  of  antiquity:  Their  origin, 
migrations,  and  typo  of  civilization  considered.  New  York,  Har- 
per &  Brothers,  1880.     1  vol.     pp.  544,  illue.    8°. 

[A  very  careful  r^aum^  of  the  subject,  drawn  from  older  authorities 
and  from  the  latest  investigations  by  the  Geological  and  Geograph- 
ical Sarveys  of  the  Territories.] 

Smith,  Y.  A. — Observations  on  some  Chandel  antiquities.  J.  Boy. 
Asiatic  Soc.  Bengal,  i,  iv. 

Smith,  Worthington  G. — Palfeolithic  implements  from  the  valley  of 
the  Brent,  Axe,  K.  J.  Anthrop.  Inst.^  ix,No.  3,  pp.  316-320;  No.  4, 
p.  369. 

SuDOEBR,  Isaac — Gresap  and  Logan.  (Occupies  11  pages  in  the  sta- 
tistical report  of  the  Secretary  of  States  report  for  Ohio.  In  the 
same  volume  are  11  pages  on  Colonel  Crawford's  expedition.) 

Flint  Eidge :  Its  geography,  geology,  mineralogy,  archsBology 

ethnology,  and  palfeontology.  (Read  before  the  Newark  Lyceum. 
Published  in  the  Newark  American,  and  after  in  the.  History  of 
Licking  Oonnty.) 

The  Old  Fort:  A  brief  description  of  the  Newark  work.  (His- 
tory of  Licking  County.  In  the  same  volame  is  a  chapter  on  Welsh 
settlementB  in  America.) 

[Isaac  Smucker,  of  Newark,  Ohio,  is  the  author  of  several  fugitive 
papers  of  historical  and  ethnological  importance,  a  part  of  which 
are  embodied  in  the  History  of  Licking  County,  Ohio,  a  work  of  822 
doable-column  pages.  The  titles  of  the  papers,  together  with  their 
manner  of  publication,  appear  above.] 

SouitDETAL,  Ch.  de — Le  cheval  k  c6te  de  lliomme  et  dans  I'histoire, 
Paris,  Hetzel,  1880.    ii,  333  pp.  18°. 

Stone,  W.  I. — ^Remains  of  an  ancient  Indian  work  on  Fish  Creek, 
near  Saratoga  Springs.    Mag.  Am.  Hist.,  July. 

Stuabt,  ViLLEBHS— Nile  gleanings.    58  plates.    Scribner  &  Welford. 
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Thosipson,  Thebon — Mounds  in  Muscatine  County,  lo^ra,  and  I'oct 

Island  County,  Illinois.    Smithson.  Eep.,  1879. 
TiLi-OTSON,  D.  C.  (Korth  Topeka,Kan8.) — ^Fraffmeute  of  pottery  from  the 

Upper  Solomon.     (Bead  at  tbe  13th  annual  meeting  Eauaas  Acad,  of 

Sc.) 
ToBLLNBB,  AnoLPH — AnticLnitics  of  Bock  Island  County,  El,    Smith- 
son.  Rep.,  1879,  p.  863. 
Tikih's  (A)  ship.     (Architect.)     Van  NoatroMd'a  Mag.,  Oct. 
VoGDES,  A.  W,  (lieut.  of  artillery,  Fortress  Monroe,  Va.)    Notes  on  a 

lost  race  of  America,  containing  a  description  of  the  Tampa  (Fla.) 

shell  mouuds.    Am.  Naturalist,  xiii,  1879,  p.  9. 
■     Who  huilt  the  mounds  T     A.  republication  of  Heckewelder's 

traditions  of  the  Delawares,     CarterBville  (6a.)  Express,  July  19, 

1879;  JV.  r.  Times,  July  25,  1879. 
Walkbe,  9.  T, — Preliminary  explorations  among  the  Indian  mounds  in 

Southern  Florida.    Smithson.  Eep.,  1879,  pp.  392-427.     IIliis. 
[A  very  important  contribution  to  knowledge.] 
West,  E.  P. — Chambered  mounds  near  Kansas  City.    (Bead  at  13th 

.annual  meeting  Kansas  Acad,  of  Sc.) 

A  buried  race  iu  Kansas.     Kansas  City  Rev.,  Jan, 

Whittlesey,  Chables  (Cleveland,  Ohiu) — Belies  of  aboriginal  art, 

and  their  ethnological  value.  No.  52.  Western  Eeserve  and  North- 
ern Ohio  Historical  Society.    May,  1880. 

Belies  of  aboriginal  art,  and  their  ethnological  value.    Am. 

Antiquarian,  iii,  No.  1. 

WiBNEB,  C. — Gran-Chimn  et  la  ville  de  Cazco.  Bull.  Soc.  degSogr., 
Oct. 

P^rou   et  Bolivie:   B&:it  de  voyage  suivi  d'^tudes  areh^olo- 

giques  et  ethnographiques  et  de  notes  -sur  I'^critnre  et  les  langues 
des  populations  indiennes.  Paris,  Hachette  et  Cie.  1  vol.  796 
pp.,  1,100  cuts,  27  charts,  18  plans,     gr.    80. 

[In  1875,  Mr.  Wiener  was  sent  by  the  minister  of  public  instrnc- 
tion  of  Prance  to  Peru  and  Bolivia  upon  an  archEBological  and 
ethnographic  mission.  The  volume  above  mentioned  is  the  report 
of  his  labors.] 

Williams,  A.  M.  (Kansas  City,  Mo.) — The  pueblos  of  New  Mexico. 
(Bead -at  the  13th  annual  meeting,  Kansas  Acad,  of  Sc.) 

WooLLET,  Ceas.  F. — Shell-heaps  and  saud-flelds.  Am.  Antiquariajif 
i,  p.  253. 

Indian  village  sites.    Id.,  iii,  p.  59. 

Indian  village  sites  in  Monmouth  Co.,  N.  J.  New  Jersey  Stand- 
ard, Nov.  and  Dec.,  1879,  and  Jan.,  1880. 

WoBSAAE,  J.  J.  A. — The  preservation  of  antiquities  and  national  mon- 
uments in  Denmark.  Translated  by  Otis  T.  Mason.  Smithson, 
Bep.,  1879,  pp.  299-309. 

Zabaeowski,  — . — Tertiary  man.    Kansas  City  Rev.,  Oct., 
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AiiEN,  K". — Laws  of  iiiheritaiice.     Sanitarian,  N.  T.,  1880,  pp.  385-390, 
AuAT,  L. — Calcal  mental  et  conformation  crS^nienne.    Rev.  sdent,  Paris, 

1880,  pp.  29-32. 
Anatomy.— Comparative.    Science,  i,  p.  322.— Eucephallc.    lA.,  p.  73. 
Antheopoid  brain.  .  Science,  i,  p.  26. 
Anthbofometbic   committee  of  the   British  Association,  Extracts 

from  the  report  of  the.    J.  Antlirop.  Inst.,  ix,  No.  3,  pp.  345-352. 
Ayeton,  Matilda  Chaplin — Kecherches  snr  les  dimensions  gfini^rales 

et  snr  les  d^veloppements  du  corps  chez  les  Japonais.    Paris,  1870. 
Baillabgeb  &  Kbishabeb — Cr4tin.    Diet,  encycl.  d.  sc.  mid.,  Paiis, 

1879, 1'*  s.,  ixili,  pp.  126-146. 
Beabd,  G.  M. — English  and  American  physique.    JT.  Am.  Rev.,  1879, 

cxxix. 
Bbnedikt,  M. — Uebor  KraniorQCtrie.     Centralhl.  f,  JTprrenft.,  Coblcnz, 

1879,  ii. 

Weitere  methodische  Studien  zur  Kranio-  und  Kephalometrie. 

Wieu,  1880.    so.     {From  Mitth.  i.  Anthr<^.  Gesellsck.  in  Wien,  1880, 
ix,  pp.  348-371.) 

Benzengub,  Dr.— Les  sonrds-muets  de  Moseou.    Rev,  ^antkrop.,  1880, 

pp.  27-33. 
Bbbtilloh,  J, — Statistique  anthropom^trique  et  m^dicale  des  eleves 

des  ^coles  primaires  de  Bnixelles.    Ann.  de  dSmog.  intemat.,  Paris, 

1879,  iii. 

Blachb,  E. — D^veloppement  physique  de  I'eniant  depuis  la  iiaissance 
jnsqu'au  sevrage.  Union  m6d.,  Paris,  1880,  3""  s.,  xxix,  pp.  386; 
433;  441. 

Blaee,  C.  J. — Exostoses  in  the  ear  canals  of  the  mound  builders. 
Tr.  Am.  Otol.  Soc.,  Boston,  1880,  pp.  417-419;  Am.  J.  Otol.,  N.  Y., 

1880.  pp.  295-297. 

UoNO,  G.  B. — ^Della  capacity  orbitale  e  craoica  e  dell'  indioe  cefal- 
orbitale  iiei  normali,  pazzi,  cretini,  e  delinqaenti.  Arch,  di  puichiat., 
etc.,  Torino,  1880,  pp.  299-313. 

BoBDiEB — Snr  les  crtioes  d'assassias.  Bull.  Soc.  d?antirop.  de  Paris, 
1879. 

BoiELEB,  W.  C. — Peculiarities  of  the  American  Indians  irom  a  physio- 
logical and  pathological  standpoint.  Maryland  M.  J.,  Balti- 
more, 1880-81,  Tii,  pp.  54^8. 

Bboca,  Paul — Crane  et  cerveau  d'un  homme  atteint  de  la  d^formittion 
toulousaine.    Bull.  Soc.  Wanthrop.  de  Paris,  1879,  ii. 

Sur  la  determination  de  I'age  raoyeo.    Bull.  Soe.  ^anthrop.  de 

Paris,  1879,  iii. 

Snr  un  cr&ne  de  fellah  et  sur  I'usure  des  dents.    Bull.  Soc. 

^antkrop.  de  Paris,  1879,  ii. 
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Bboca,  Paul. — Instructioos  g€ii6rales  pour  les  recherches  antbropolo- 

giques  A  fitire  sur  les  vivauts,     2"*  6d.    Paris,  G.  Masson,  1879. 

301  pp.,  i  pi.    8°. 
BURMElT,  Swan  M. — Color  blindness  as  affected  by  race.     Tr.  Anthrop. 

Soc.  Waskingtwi,  i,  p.  7. 
Ceassagm:  &  Dallt — Bechercbes  antbropometriqaes  sur  les  effets  de 

la  gyuinaatiqae  d'entrainement.    Bev.  cFanthr<yp.,  1880,  pp.  230-264. 
Dblislb,  F. — Contributions  k  I'^tude  des  deformations  artidcielles  da 

cr&ne.     Gaz.  m^d.-chir.  de  Toulouse,  1880,  pp.  194;  202;  210;  218; 

226;  234;  242;  250. 

Contribation  k  I'^tude  des  di^formatious  artificielles  dn  crane. 

Paris,  Parent,  1880.    67  pp.    8°.    (Tbftaede  doctorat.) 

DUCATTE,  Edmond — La  microc^phalie  au  point  de  vne  de  I'ataTisinc. 

Paris,  1880.    95  pp.    4°. 
DuTAL,  Mathias — Rechercbes  sur  I'origine  reelle  des  nerfs  crSniens. 

J.  dePanat.  et  de  la phyaiol.,  sept.  1876,  mars  et  nov.  1877,jan.et  jnil- 

let  1878,  sept.  1879,  mai-juin,  sept.-oct.  1880. 
Fallot — Snr  le  eerveau  d'une  jeune  Indienne  niie  k  Caracas  (V6n6- 

zn^la).    Bull.  Soc.  d! anthrop.  de  Paris,  1880,  pp.  445-450. 

Sur  le  eerveau  d'un  Malais  n^  4  Manilte.    Ibid.,  pp.  441-445. 

Paulds,  H. — On  the  skin  furrows  of  the  hand.    Nature,  Londou,  1880, 

p.  605. 
F^W^,  Chablss — Essai  d'antbropom^trie.    (Comparaison  des  diam^trea 

bitrochanterien  et  biilia<}ae.)    Bev.  ^anthrop.,  1880,  pp.  193-202. 
Flower,  W.  H. — On  the  cranial  characters  of  the  natives  of  the  Fyi 

Islands.    J.  Anthrop.  Ijtst,  x,  No.  2,  pp.  153-174. 
FowLEB,  E.  P. — Are  brains  of  criminals  anatomical  perversions?  Med.- 

Chir.  Quart.,  K".  Y.,  1880-81,  pp.  1-32. 
Gabcin,  C— La  teteet  lecrSne  d'un  K6o-Cal6donien.    Marseille  nUd., 

1879,  xvi. 

GiLDKEiSTBB,  J. — Zor  HoheDmessuug  des  Scbadels.  Arch.  f.  Anthrop., 

Bmschwg.,  1880,  pp.  449-451. 
Gbanjitx — LTiygi^ne  de  la  premiere  en&nce  cbez  les  nfegres  de  la  Oflte 

des  esclavea.    Qan.  obst.,  Paris,  1880,  ix,  pp.  81-84. 
Gbantillb,  J.  M. — A  note  on  tbe  intention  in  the  determination  of  sex, 

and  tbe  mental  and  physical  inheritance  of  children.     Lancet,  Lond., 

1880,  pp.  650-652. 

Hadba,  B.  E. — Mensuration  of  the  tborax  below  the  diaphragm.  Boston 

M.  S  8.  J.,  1880,  pp.  247-249. 
Habbis,  B,  p. — Foot-binding  in  Ningpo,  China.    Med.  &  Surg.  Reporter, 

Phila.,  1880,  p.  360. 
Haymohd,  W.  S. — Human  longevity.  Tr.  Indiana  M.  8oe.,  ludianap., 

1880,  pp.  73-79. 
IbelAND,  W.  W.— Kotes  on  left-handedness.    Brain,  London,  1880-81 ,_ 

pp.  207-214. 
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JuKOTSKi,  L — ObserratioDS  on  the  weight  and  measure  of  infants.  St. 

Petersburg,  1880.    li,  pt.  i,  pp.  71-98.     [In  Russian.] 
KoTSLMANN,   L. — Die  Angen  von  9  Lapl^ndem,  3  Patagouiern,  13 

Nubiem,  und  1  Neger  vom  Weissen  Nil.     Berl.  klin.  Wchnschr., 

1879,  xvi. 

KtisTHEE — Die  H^ufigkeit  der  angeboreneu  Plattfusse.    Med.-ehir.  Ceih 

tralhl,  Wlen,  1880,  p.  532. 
Lacassaione — Richerche  su  1,333  tatuagzi  di  delinqnenti.    Areh,  di 

psickiat,  etc.,  Torino,  1880,  pp.  438-443. 
LActaEB,  C. — TJeber  Fonn-  nud  Maassverhaltniase des  Kflrpers.     Wien. 

med.  Wchnachr.,  1880,  pp.  1357;  1392. 
Layocat — Homotypie  des  niembres.    Conformation  de  rhum^ms  des 

vertibrfe.    Toulouse,   Douladoure,  1880.    19  pp.    8o.     (Extr.  des 

M^.  Aead.  d.  sc.  de  l^ulouse.) 
Leasuee,  D. — The  law  of  heredity.     Tr.  Minnesota  M.  A'oc,  St.  Paul, 

1880,  pp.  123-149. 

Le  Bon — Des  difEi^rences  de  volume  du  cr^ne  suivaut  les  races,  les  indi- 
vidus  et  les  sexes.  [Extract  from  his  memoir  crowned  by  the  Soci^t^ 
d'anthropologie  de  Paris  with  the  first  prize.]     Gaz.  d.  hop.,  Paris, 

1879,  lii. . 

Lebon,  G. — R^sultats  fournis  par  la  mesure  des  capacit^s  de  cr§nes 
ayant  appartenn  &  des  hommes  c^lfebres.  Compt.  rend.  Acad.  A.  ae., 
Paris,  1879,  Ixxxix. 

Lbhhossek,  Joseph  de — Des  deformations  artificielles  du  cr&ne  en  ge- 
neral, de  celles  de  deux  cr&nes  makroc^phales  trouv^es  en  Hongrie, 
et  d'un  trane  provenant  des  temps  barbares  du  mSme  temps.  Buda- 
pest, 1880.     142  pp.,  3  pi.    40. 

Maqitot,  E. — Sar  I'usure  spontan^e  des  dents  au  point  -de  vue  eth- 
nique.    Bull.  Soc.  ^anthrop.  de  Paris,  1880,  pp.  312-315. 

Mantegazza,  Paolo — ^La  rifonna  craniologica.  Arch,  per  Vantrop. 
Firenze,  1880. 

Mabiqnan,  B. — La  tr^panaliou  n^olithique.  Review  in  Oass,  h^.  d. 
sc.  mid.  de  Mmtpdl.,  1880,  ii,  pp.  231-233. 

Mathouillbt,  Pieskb  Albert — Etude  sur  la  aeaphoc^phalie.    Paris, 

1880.  p.  62,  No,  142.    A°. 
Mebh,  K.— Oberfiachenmessungen  des  menschlichen  Korpers.    Ztschr, 

/.  Biol.,  Miinchen,  1879,  xv. 
MoDBGLLiNl,  L. — Di  alcutie  line  faciali  trasrerse  nel  cranio  di  varie 

razze.    Arch,  per  Vantrop.,  Firenze,  1879,  ix. 
HoNSABBE,  S.  M.  L. — La  hermoBura  y  grandeza  del  hombre.     SeaHdo 

earn.,  Barcelona,  lSS0,ii,  525;  542;  557;  621;  637;  683. 
Monti — 1!  indice  piil  approssimativo  per  la  scelta  del  soldato  e  la  diame- 

tria  toracica  in  sostitozione  della  mesura  periferica.    Qior.  di  med. 

mil,  Roma,  1880,  xxvli,  pp.  337-373,  8  tab. 
MOBSELLi,  Enbigo— Critica  e  riforma  del  metodo  in  aotropologta  fon- 

data  sulle  leggi  statisticbe  e  biologiche  dei  valori  serial!  e  snll'  esperi- 

mento.    Roma,  eredi  Bolta,  1880.    178  pp.    8°.  L.OOQIc 
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Ogston,  F.,  jr. — On  the  average  length  and  weight  of  mature  new-born 
Scotch  children.     Edinb.  M.  J.,  1880,  pp.  603-615. 

Paoli,  G.  db — Qnatro  crani  di  delinquenti.  Arch.  M  psichiat.,  etc., 
Torino,  1880,  i,  pp.  337-342. 

QuATBEFAOES,  A.  DE — Les  cr&ncs  flnnois-  J.  d.  saoanh,  mai-juin 
1880. 

&  Er^jest  T.  Hamy — Crania  ethnica.    Les  cranes  des  races  hu- 

juaines,  d^crits  et  figures  d'apr^  les  collections  dn  Museum  d'his- 
toire  naturelle  de  Paris,  de  la  Soci4t6  d'anthropologie  de  Paris,  et 
les  principales  collections  de  la  France  et  de  I'^tranger.  Aecom- 
I)agn^  de  planches  lithographi^es  d'apr^s  nature,  par  H.  Formaat, 
et  illustr^  de  nombreases  flgnres  intercal^es  daue  le  texte.  livr.  9. 
pp.  353-400, 10  pi.    Paris,  Baillifere  et  dls,  1880.    gr.  in  4°. 

The  crossing  of  the  human  races.    Pop.  Se.  Month,,  June. 

Eeview  of  Dr.  Daniel  Wilson's  memoir  entitled  "Some  Ameri- 
can illustrations  of  the  evolution  of  new  varieties  of  man."  Eev. 
scient.,Feb.  14,  1880. 

Benard,   L^on — Des   variations    ethniqnes   dn  maxillaire   inf^rieur. 

Paris,  1380.     66  pp..  No.  81.    4°. 
It£N6,  A. — Belations  qui  existent  entre  la  taille,  la  capacity  vitale,  la 

force  d'inspiration  et  d'expiration,  la  force  musculaire,  etc.  Qaz. 

d.  hop.,  Paris,  1880,  pp.  1202-1204. 
BtCHET,  Charles — Essai  sur  les  m^thodes  num^riques  qui  permett«nt 

d'appr^cier  la  f^ondit^  et  la  vitality.    Rev.  ^antkrop.,  1880,  pp.  203- 

212. 
BOYER,  Mme.  Ci^hemce — Le  syst^me  pilenz  chez  I'homme  et  dans 

la  s4rie  des  mammif^res.    Bev.  d?antkrop.,  1880,  pp.  13-26. 
BUMA,  B. — Anthropometry:    school  children.     St.  Petersburg,   1880. 

pp.  95-131. 
Sautage — "Crania   ethnica"   de  MM.  Quatre&ges  et    Hamy.    Rev, 

Wanihroy.,  ISSO,  p.  119.    Bevne  anglaise,  id.  138-144;  Bevue  pr^bis- 

torique,  id.,  p.  296.     (See,  also,  pp.  327;  361;  525;  552;  697.) 
SCHAATHAUSEN — Uebcr  die  ^gyptiBchen  Mumien  in   kraniologischer 

Beziehung.    Siteungsb.  d.  nied.-rhein.  Oeaelheh,  d.  Sat.-  u  HeiUc.  zu 

Bonn,  1879,  p.  290. 
ScHOi^R — Ophthalmologische  Untersnchungenan  Nnbiern  nnd  Negerii. 

Ztsckr.f.  Eihnol.,  Berlin,  1880,  xii,  pp.  59-68. 

Ueber  die   Stellung  der  Ophthalmologie  zur  Anthropologie. 

Arch.  f.  path.  Anat.,  Berlin,  1879,  Ixxvii, 

Semalle,  B. — Sur  la  g^ni^ration  au  point  de  vue  ebronologique.    BulL 

Sob.  d'anthrop.  de  Paris,  1880,  pp.  295-301. 
SoKOLOPF,  H".  D. — K  cbarakteristiske  polovo  deteluosti  jentschinkrest- 

janok  severe  vostochnago  ugla  Moskovskago  tgezda.     [Puberty  iu 

female  peasants  in  Bnssia.]     Vrach.  Vaidom.,  St.  Fetersb.,  1880,  v, 

pp.  1367-1369. 
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Spitska,  E.  0. — Contributions  to  anatomical  anthropology,  chiefly  npon 
the  encephalon.     Science,  i,  73;  125;  134;  176;  202;  236;  261;  303. 

1.  A  remarkable  peculiarity  of  an  anthropoid  brain.    Science,  July 

17, 1880,  1  p. 

2.  Architectore  and  mechanism  of  the  brain.    Chapters  1-ii. 

(Reprinted.)    J.  Nerv.  dd  Ment.  Dis.,  April  and  July,  1880. 
pp.  106. 

3.  Baca  and  insanity.     (Reprinted.)    J.  Nerv.  &  Ment.  Bis.,  Oct., 

1880,  pp.  18. 

4.  Monomania  or  Primare  Yerriicktheit.   St.  Louis  Clin.  See.,  Dec, 

1880. 

5.  Development  of  the  human  ovum,  embryo,  and  foetns.    St.  Louis 

Clin.  Bee.,  Jan.,  Feb.,  April,  May,  Jnne,  Aug.,  Sept.,  1880. 
Stage,  G.  G.— Weight  in  the  first  year.     Copenhagen,  1879, 
Stikda,  L. — Historische  Bemerkungen  uber  deu  Processus  marginalis 
dea  Jochbeins.     Verhandl.  d.  Berl.  6e8etUch.f.Anthrap.,  1880,  p.  219. 

Ueber  die  Eerechnung  des  Schadelindex  aua  Messungen  an 

lebenden  Menschen.    Arch./.  Anthrop.,  Bmscbwg.,  1880,  pp.  421- 
430. 

Tasufpi,  C. — Deli'  antropometria  e  delle  anomalie  deUa  colona  verte- 

brale.     Ann.  unie.  Ai  med.  e  cMr.,  Milauo,  1879,  ccxxlix. 
Thoms,  Williasi  J. — Exceptional  longevity:  its  limits  and  frequency. 

A  letter  to  Professor  Oweus.    Loudon,  1880.     1.  s.     8°. 
TiTECA — Lev6e  de  milic©  de  1879;  recherches  relatives  alataille,  an 

p^rim^tre  thoracique  et  an  poids  du  corps.     [Kapp.]    Arch.  mM. 

beiges,  Bruxelles,  1880,  3.  s.,  xvii,  pp.  89-130. 
TOPINAED,  P. — Des  differeiits   instruments   d'autliropom^trio.     Bull. 

Soc.  ^anthrop.  de  Pnris,  1880,  pp.  269-277. 

Etudes  an  Lhropomt5triques  sur  lea  canons.   1.    Du  tronc.     Rev. 

d'antkrop.,  1880,  pp.  609-620. 

Review  of  Roberts'  "Manual  of  anthropometry,"    Eev.  d?an. 

throp.,  1880,  p.  112.    Kevue  americaine,  pp.  145-157;  of  Flower,  pp. 
493-500;  Netherlands,  p.  643;  England,  pp.  556-664;  Ethnology, 

.pp.  669. 
UjSaltt — "Cranes  flnnoi8"de  M,  Retziiua.     Rw.  Wanthrop.,  1880,  p. 

115.     (For  other  reviews,  see  same  journal,  pp.  345;  353-358.) 
(JsHSR,  J,  P. — Diminntive  live  births.   Austral.  M.  J.,  Melbourne,  1880, 

p.  3(H>.      « 
ViECHOW  R, — Alte  Berliner  Schadel.     Verhandl.  d.  Berl.  QeselUek.  f. 

Anthrop.,  1880,  pp,  229-236. 

HohleuBchiidel  aus  dem  oberen  WeichselGebiet.     Ztschr.  f. 

Ethnol.,  Berlin,  1880,  pp.  52-55. 

Ueber  den  Schadel  der  jungen  Gorilla.  Monatsber.  d.  k.  preuMs, 

Akad.  d.  Wissmsch.,  Beriin,  1880,  pp.  516-541,  pi. 

Ueber  einige  Merkmale  niederer  Menscheurassen  am  Schadel 

nnd  iiber  die  Auwenduug  der  statistischen  Methode  in  der  eth- 
nischen  Craniologie.     Ztschr,  f.  EthnoL,  Berlin,  1880,  xii,  pp.  1-26. 
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VOM  H&LDBB,  H. — Ceber  die  in  Deutschland  Torkominendeu  von  Herm 

Virohow  deQ  Frieseu  zugesprocbenea   niedereu    ScbMelformen. 

Arch./.  Anthr<^.,  1880,  xii,  pp.  316-358. 
Wake,  C.  Staniland — La  barbe  consid6r6e  comme  caract^re  de  races. 

Eev.  Wantkrop.,  1880,  pp.  34-76. 
WaJjDmeybe,  W. — Bemerkiingen  iiber  die  "  Squama  ossis  occipitas"  mit 

besoiiderer  Boriicksichtigung  des    "Toras  occipitalis."    Arch.  f. 

AKihr<^.,  Brnschwg.,  1880,  pp.  453-461, 1  pi. 
Weisgeebbe,  Henei — De  I'iadice  thora«iqae.    Paris,  1879. 
Wilson,  J, — Ueber  einen  gescli-wanzteii  Mann  von  Qrozxo.    Ztmhr.  /. 

HthnoL,  Berlin,  1880,  p.  74. 
■  WoiNAESKi,  S.  E.  A.  Z.— Some  statistics  of  the  length  and  weight  of 
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Ya£BOW,  n.  C. — Medical  l^ts  relating  to  the  Zuili  Indians  Of  New 

'Mexico.    Rocky  ifounfoun  M.  Ben.,  Colorado  Springs,  1880-81,  pp. 
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D'Abbadie — Bur  la  vision  de  la  s^rie  des  nombres.    Bull.  Soc.  Wa/n- 
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Allen,  Grant — .aisthetic  evolution  ia  man.    Mind,  xx. 
Akimal  instinct  in  relation  to  tlie  mind  of  man.    Silence,  i,  pp.  267-280. 
Animal  int«lligeuce.     {Westminster  Kev.)    lAvtng  Age,  June  12. 
Fabre,  J.  H. — Souvenirs  entomologiqnes :  etudes  sur  I'instinct  et  les 

moBurs  des  insectes.    Paris,  Delagrave,  1880.    1  vol.    328  pp.    9°, 
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Living  Age,  Oct. 

Statistics  of  mental  imagery.    Mind,  July. 

Visualized  numerals.    J.  AntKrop.  Inst.,  x,  No.  1,  pp.  85-102, 

Lindsay,  W.  Laudee — The  moral  sense  ia  the  lower  animals.  Pop.  8e. 
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Porter,  Prof.  Samuel — Is  thought  possible  without  language  T  Case 

of  a  deaf  mute.  Tr.  Anthrop.  Soc.  Washington,  p.  74, 
Pebgee,  H. — Psycbogenesis.  Deutsche  Rundschau,  May. 
Pre  GEE,  W. — Psycbogenesis  in  the  human  infent.     Pop.  So.  Month., 
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St.  Bohavbntitre — L'origino  desid^es.    Ann.  dephiloaophieckrStienne, 
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AoosTA,  J.  DE — The  natural  and  moral  history  of  the  Indies.   Beprinted 
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Am  ADA,  J.-  J.  DA  SitVA — Ethnologie  du  Portugal.    Rev.  d'anthrop.,  pp. 
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BiBD,  Isabella  L. — Unbeaten  tracks  in  Japan.    2  vols.,  with  map  and 

illustrations.    London,  John  Murray,  1880. 
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BeacketI',  Albebt  G. — The  Shoshones  or  Snake  Indians,  their  rehg- 
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Calteet,  F. — Ueber  die  asiatische  KUste  des  Hellespont.    Ztachr.f. 
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Dunbar,  John  B.  (Deposit,  N.T.) — The  Pawnee  Indians ;  theirhistory 

and  ethnology  (with  text  illustrations  of  exterior  and  interior  of  a 

Pawnee  lodge),  pp.  41.     Mag.  Am,  Slat.,  April,  1880. 
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DuNBAE,  John  B. — The  Pawnee  Indians;  their  habitB  and  customs 
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DtJEAND — Sur  les  races  de  I'Aveyron,    Bull.  Soc.  cPanthrop.  de  Paris, 
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BiCKEit,  A. — Die  Beste  keltischer  Beviilkerang  in  Mittelearopa.    Statist. 
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FiGUTEE,  Louis — Les  races  hnmaines.   i""  6d.    Paris,  Hachette  et  Cie., 

1880.  1  vol.    616  pp.,  figs,  and  pis.    8°. 

PiNSCH,  O. — Ueber  die  Bewohner  vou  Ponap6  (ostl.  Carolinen;  nach 
eigeuen  Beobachtungen  and  Erkundigungen.  Ztschr.f.  Ethnol.,  Ber- 
lin, 1880,  pp.  301-332,  1  pi. 

Flowbe,  W.  H.— The  American  races.  Brit.  M.  J.,  London,  1880,  i, 
549;  577;  616. 

Foley — Considerations  sur  les  races  hnmaines.  BuU.  Soc.  d'antkrop. 
de  Paris,  1880,  pp.  365-377. 

Feitsche,  G. — ^Die  afrikanischen  Buschmanner  als  Urrasse.  Ztsckr.f. 
Ethnol.,  Berlin,  1880,  pp.  289-300. 

Gafpaebl,  p. — Les  peiiples  africains,  le  Niger  et  les  peuplades  de  la 
S^n^gambie.    Bev.  poUiique,  21  Feb.,  1880. 

GlGLiOLl,  E.  H. — Nuove  notizie  sui  popoli  negroidi  dell*  Asia  e  special- 
mente  sui  negriti.    Arch,  per  Vantrop.,  Fireuze,  1879,  ix. 

GiEABD,  J. — Migrations  a&icaiuea.    Paris.    Bull.  Soc.  gSogr.,  Oct. 

Goehleet,  v. — Die  reUgidseui  politischen  und  socialen  Verhiiltnisse 
in  Noricum  zur  Zeit  der  Eomerherrschaft.  Eriirfcert  auf  Grund  der 
daselbst  aufgefondenen  Steininschriften.  Ztsckr.f.  Ethnol.,  Berlin, 
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Gnss,  A.  L. — Who  were  the  Massaworaekes  1  2V.  Antkrop.  Soc.  Wash- 
ington, i,  p.  71. 

Habley,  C.  db — Les  Arj'as  et  leur  premiere  patrie.  Rev.  Imguistique, 
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Habmand,  J. — Le  Laos  et  les  populations  sauvages  de  I'Indo-Chine. 
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Hatabb,  Victoe — French  and  Indian  half-breeds.  Tr.  Antkrop.  Soc. 
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South  Africa."] 
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History  of  tlie  Mongols  from  the  ninth  to  the  nineteenth  cen- 
tury. Part  ii.  The  so-called  Tartars  of  Russia  and  Central  Asia. 
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Oct.  2, 1880.) 
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coast.     8°.    New  York,  Dodd,  1880. 
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Lahothe,  H.  db — Cinq  mois  chez  les  Fran^aia  d'Am6rique :  Voyage 
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et  Cie.,  18S0.    iv-379  pp.     18°. 
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velle-Grenada,  Santiago  de  Cuba,  la  Jamaj'que  et  I'Isthme  de  Pa- 
nama.    Paris,  Quantin,  1880.    2  vols.     18°. 

Lesson,  A. — Les  Polyn^siens,  leurorigine,  leurs  migrations,  leur  langagej 
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Nixon,  J. — Among  the  Boers.     London,  Bemington,  1880.     8°. 

NxiBiAn  race,  Types  of  the.    El,    Pop.  So.  Month.,  August. 
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charts.    8°. 
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Hthml,  1880,  pp.  102-105. 
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gr.  8o. 

Les  Bachkirs,  les  Vepses  et  les  antiqait^s  flnno-ougriennes  et 

altalques,  precedes  des  r^sultats  anthropologiqnes  d'nn  voyage  en 
Aaie  eentrale.     Paris,  1880.     6'^. 

VAJtB^EY,  Abminius — The  Turcomans  between  the  Caspian  and  the 
Merv.     7.  Anthrop.  Inst,  ix,  No.  3,  pp.  337-345. 
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ViBCHOW,  E. — Eskimos  von  Labrador.     Verkandl.  d.  BerL  Oesellgeh.fi 

Anthrop.,  1880,  pp.  253-256. 
VOGT,  0. — Sur  lea  Lapons,      Bull.  Soc.  d^anthrop.  de  Paris,  1880,  pp. 

390-394. 
Wake,  C.  Staniland — Not^s  on  the  Polynesiaji  race.     J.  Anthrop, 

Inst,  X,  No.  1,  pp.  109-123. 
Weisbbbgeb — Sur  des  observations  autliropologiques  faites  dans  uu 

voyage  en  Sahara.    Bull.  Soe.  ^anthrop.  de  Paris,  1880,  pp.  486-490. 
Weibbebgeb,  Dr.  H.— ^Excursion  anthropologique  au  Sahara.     Ben. 

d^antkrop.,  1880,  pp.  661-668. 
WoESAAB,  J.  J,  A. — La  civilisation  danoise  ii  I'^poque  dea  vikings. 

Traduit  du  danois  par  I'abM  Morillot.    Copenhague,  1880.   pp. 

42,  gravures.    8°. 
Wylie,  a. — Notes  on    the    western    regions.    Translated  from  the 

"Tsegn  Han  Shoo,"  booh  96,  part  1.    J,  Anthrop.  Inat.,  x,  No.  1, 

pp.  20-72. 
YTJI.E,  Col. — Notes  on  analogies  of  manners  between  the  Indo-Chinese 

races  and  the  races  of  the  Indian  Archipelago.    J.  Anthrt^.  Inst., 

ix,  No.  3,  pp.  290-S04. 
Zabobowssi — Sur  le  type  des  Franco-Gcrmaius  dans  les  86pultareB 

pt^historiqnes  de  la  Baltique  et  sur  le  Dniester.    £mJI,  Soe.  d?4m- 

thrc^.  de  Paris,  1880,  pp.  436-440. 

VI. — Glossology. 

Adah,  L.,  &  C.  Leclebc — Arte  de  la  lengua'  de  los  Indios  Baures  de 
la  provincia  de  los  Moxos.  Couforme  al  manuscrito  original  del  P. 
Antonio  Majlo.    Paris,  Maisonneuvej  London,  Nutt. 

Aston,  W.  G. — A  comparative  study  of  the  Javanese  and  Corean  lan- 
guages.   J.  Boy,  Asiatic  Soc,  Aug, 

Grammaire  samoane.    Bev.  linguistique,  Oct. 

Ateby,  J. — Influence  of  the  aboriginal  tribes  upon  the  Aryan  speech 

of  India.     Oriental  &  Biblical  Journal,  iii. 
Ball,  V. — On  Nicobarese  ideographs.    J.  Anthrop.  Inst.,  x,  No.  1,  pp. 

103-107. 
Bayce,  Abchibald  H. — Introduction  to  the  science  of  language. 

Seribner  &  Welford. 
BBAi4DBBrH,  £.  L. — The  Gaurian  compared  with  the  Soman  langnage. 

J.  Boy.  Asiatic  Soe.  Gr.  Brit,  dto.,  ii,  July.    . 
BuifKEE,  Eev.  A. — On  a  Karen  inscription  plate.    J.  Am.  Oriental  Soc., 

X,  ii. 
Chakenct,  H.  de — Areh^ologie  am(Sricaine.    D^chifliement  des  6en- 

tures  calculilbrmes  ou  Mayas,  le  bas-relief  de  la  croix  de  Palenqne 

et  le  manoscrit  Troano.    Alen9on,  de  Broise,  1880.    52  pp.,  fig. 

8°. 

Hecherches  sur  les  dialectes  tasmaniens.     Alen9on,  E.  de 

Broise,  1880.    8°.    56  pp.     (Published  in  Actes  de  U  Soci&ipMlolo- 
gique,  tome  xi,  l"fascic.,  1880.)  ii,j,,,  .ji,  doOQ I C 
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Clark,  W,  P. — Sign  langaage  of  the  North  American  IndlaDs.     United 

Service  Mag.,  J  uly. 
CUSHING,  J.  N. — Grammatical  sketcli  of  the  Kakhyeu  language.    J. 

Eoy.  Asiatic  Soe.  Gr.  Brit,,  ttc,  July. 
Oust,  E,  N. — Lioguistic  and  Oriental  essays  written  from  the  year  1846 

to  1878.     London. 
Fat,  B.  a. — The  testimony  of  the  romance  languages  concerning  the 

forms  of  the  imperfect  and  pluperfect  sabjnnctiYe  in  the  Roman 

iolk-speech.     Tr.  Anthrop.  Soc.  Washington,  i,  p.  72. 
Gatschet,  Albbbt  Samuel — The  numeral  adjective  in  the  Klamath 

language  of  Southern  Oregon.     Am.  A-titiquarian,  ii,  No,  3,  pp. 

210-217. 
The  Timucua  language.   (Bead  before  the  American  Fhilosophl- 

cai  Society,  Feb.  20,  1880,  and  printed  iu  their  proceedings,  pp. 

465-502.) 
[Mr.  Gatschet  conducts  the  department  of  Indian  linguistics  in  the 
Am.  Antiquarian.    The  above  is  his  third  article  on  this  subject. 
Article  1  was  read  before  the  Am.  Phil.  Soc,  April  6,  1877; 
article  2,  April.5, 1878  (1877,  pp.  1-17;  1878,  pp.  490-504).] 

Indian  color  names.     Tr.  Anthrop.  Soe.  Washington,  i,  p.  10. 

Oeoffboy,  J. — La  connaissance  et  la  denomination  des  coulenrs.    BulL 

Soc.  ^anthrop.  de  Paris,  1879,  p.  11. 
GiLBEET,  G.  K. — Some  Indian  pictographs.     Tr.  Anthrop.  Soc.  Wash- 
ington, i,  p.  4. 
GuLiCK,  L.  H. — A  vocabulary  of  the  Ponape  dialect.    J.  Am.  Oriental 

Soc,  X,  p.  11. 
HOEBNLE,  A.  F.  Rudolf— A  comparative  grammar  of  the  Gaudian 

languf^es,  with  special  reference  to  the  eastern  Hindi.    Tiilbner. 

(Reviewed  in  The  Academy,  June  19th.) 
Houghton,  W. — Hieroglyphic  or  picture  origin  of  the  characters  of  the 

Assyrian  syllabary.     Tr.  Soc.  Biblical  Archceology,  vl,  p.  2. 
HovELACQUE,  Able,  Emile  Picot,  &  Julibn  Vinsoh— Melanges 

de  lingnistique  et  d'anthropologie.    Paris,  1880. 
Keahe,  a.  H. — On  the  relations  of  the  Indo-Chinese  and  inter -oceanic 

races  and  languages.    J.  Anthrop.  Inst.,  ix,  No.  3,  pp.  254-290. 
KiNGSMiLL,  T.  W. — The  ancient  lauguage  and  cult  of  Chows.    J.  N". 

China  Branch  Roy.  Asiatic  Soc.,  xii. 
Lankan,  C.  B. — Recent  publications  in  the  field  of  Indian  antiquities. 

Am.  J.  Philology,  Oct. 
Lepsius,  B. — Nubische  Grammatik  mit  eiuer  Einleitung  iiber  die  Volker 

und  Sprachen  Africas.    Berlin,  Besser,  1880.    8°. 
McCuEDT,  J,  F. — Relations  of  the  Aryan  and  Semitic  languages.     Bi- 

bliotheca  Sacra,  July,  Oct. 
MaoIntybe,  J, — Notes  on  the  Corean  language.    China  Hev.,  Jan.,  Feb. 
U ALLEBT,  Gabbiok — (Smithsonlau  Institution — Bureau  of  Ethnology). 

The  sign  language  of  the  North  American  Indians.     Tr.  Anthrop, 

Soc.  Washington,  i,  j^.l9.  u,j  ,,;jt,L.OOglc 
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Mat.leby,  Gabhick. — iDtroduction  to  ihe  stndy  of  sign  langnage 
among  the  North  American  Indians  aa  illustrating  the  gesture  speech 
of  mankind.  By  Garrick  Mallery,  Brevet  Lieut,  tlol.  TJ.  S.  Army. 
Washingtou,  Government  Printing  Office,  1880.    iv,  72  pp.     4°. 

A  collection  of  gesture  signs  and  signals  of  the  North  Amer- 
ican Indians,  with  some  comparisons.  By  Garrick  Mallery,  Brevet 
Lieut.  Col.,  and  formerly  Acting  Chief  Signal  Officer,  U.  S,  Army. 
Distributed  only  to  collaborators.  Washington,  Government  Print- 
ing Office,  1880.    Title,  329  pp.    40. 

Mason,  Otis  T. — A  comparison  of  a  writteo  language  with  one  that  is 
spoken  only.     Tr.  Antkrop.  Soc.  Waskingtmi,  i,  p.  21.' 

Ma&quebay,  E. — Comparaison  d'un  vocabulaire  du  dialecte  des  Zenaya 
avec  lea  vocabulaires  correspondanta  des  dialeotes  des  Chacoia  et 
des  Beni-Uzab.     An^.  d,  misnons  scimt.,  Dec. 

Matthew,  John — On  the  Kabi  dialect  of  Queensland.  J.  Antkrop.  Inet., 
ix,  No.  3,  pp.  312-316. 

Meyeb,  H.— Origin  of  the  Etruscan  language.  Deutsohe  EmtdgcJiau, 
Aug. 

MiLLEB,  O.  D. — Acoadian  or  Somerianf  Oriental  &  Biblieal  Journal, 
iii. 

Molina,  Padre  Fb.  Alohzo  de — Vocabulario  de  la  lengua  mexicana; 
publicado  de  nnevo  por  Julio  PlatzmauD.  Edioion  &csimilaria. 
Leipzig,  B.  G.  Teobner,  J880.  (Paged  reeto  only.)  Parte  I:  Cbh- 
tellano-Mexieano  (en  Mexico,  1571),  p.  VZl.  Part*  II:  Mexicano- 
Castellano  (en  Mexico,  1571),  p.  162. 

Newman,  F.  W. — Notes  on  the  Libyan  languages.  J.Roy.  AsiatiG  Soe. 
Or.  Brit.,  &c.,  July. 

OjrBBEWAT  Book  of  Common  Prayer.  Pnblished  iu  the  syllabic  charac- 
ters invented  by  the  missionaries,  by  the  Society  for  Promoting 
Christian  Knowledge. 

Opfeet,  GusTAT — On  the  claesiflcatiou  of  langnages:  a  contribation 
to  comparative  philology.  Loudon  and  Madras,  Triibner.  {Re- 
viewed in  The  Academy,  July  11.) 

Obozco  t  Bebba,  Manttbl  (Mexico) — Codice  Mendocino:  Easayo  de 
desci&aoioD  gerogUfioa  (continuacioQ).  An.  d.  Museo  rtaoioiuil  de 
itfda?iOT,  ii,  pp.  47-82,  with  plates  and  bibliography,  127-130;  205- 
222. 

Pabisot,  J. — Note  Bur  la  laugue  des  Taensae.    Bffo.  Knguittique,  April. 

Pabkeb,  E.  H. — Syllabary  of  the  Hakka  language  or  dialect.  China 
Eev.,  Jan.,  Feb. 

PoSTGATE,  J.  P. — A  philological  examin^oD  of  the  myth  of  the  sirena. 
Am.  J.  Philolo^,  xvii. 

Powell,  J.  W. — On  the  evolution  of  language,  as  exhibited  in  the  q)ee- 
ialization  of  the  grammatio  processes,  the  differentiation  of  the  parts 
of  speech,  and  the  integration  of  the  sentence,  &om  a  study  of  In- 
dian languages.     Tr.  Antkrop.  Soe.  Wa«kingtonj  i,  p.  35. 
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Powell,  J.  W. — Smithsoman  Institution — Bureau  of  Ethnology.  J,  W. 
Powell,  Director.  Introduction  to  the  atudy  of  Indian  languages, 
with  words,  phrsises,  and  sentences  to  be  collected.  2d  ed.  Witli 
charts.  WashingtOD,  Government  Printing  Office,  X880.  xi,  228  pp. 
(and  8  ruled  leaves).    4°.    4  chartS. 

Bhea,  Eev.  S.  A. — Brief  grammar  and  vocabulary  of  the  Kurdish  lan- 
guage.   J.  Am.  Orient.  Soc,  x,  p.  II. 

RroDEL,  A. — A  grammar  of  the  Chinyanja  language  as  Hpoken  at  Lake 
Wyassa,  with  Chin.-EngHsh  and  Bng.-Cliinyaaja  vocabulary,  Edin- 
burgh, Maclarea,  1880.    16°.    150  pp. 

Bock,  Miles — ludiaii  pictographs  in  New  Mexico.  Tr.  Antkrop.  Soc. 
Washington,  i,  p.  10. 

EoGERS,  B.  T. — Dialects  of  Arabic.    J.  Roy.  Asiatic  Soe.,  Aug. 

Satce,  a.  H. — Introduction  to  the  science  of  language.  2  vols.  Lon- 
don, Kegan,  Paul  &  Co.,  1880.  {Nature,  May  20, 1880.  Reviewed 
by  A.  H.  Keane.) 

Smith,  Mrs.  E.  A. — The  language  of  the  Iroquois.     Science,  Sept.  11. 

Valbntini,  Philipp  J.  J. — The  Landa  alphabet;  a  Spanish  fabrica- 
tion.   From  the  Proc.  Am.  Antiquarian  Soc,  April  28, 1880. 

Vinson,  J. — Bsquisse  grammaticale  de  la  laugue  de  God.  Bet.  Un- 
guistique,  Oct. 

Ward,  Lestbe  F. — Savage  and  civilized  orthoSpy.  IV.  Anthrop.  Soc. 
WasMngton,  1,  p.  106. 

Whiihey,  W.  D. — A  Sanskrit  grammar,  including  both  flie  classical 
language  and  the  older  dialects  of  Veda  and  Brahmana.  Leipzig, 
Breitkopf  &  HUrtel ;  London,  Triibner  &  Co.  {The AtlwntEum,  July 
3, 1880;  The  Academy,  June  26,  July  3.) 

VII. — Comparative  technology. 

Seok,  L. — Das  Meteoreisen  in   technischer  nnd  culturgeschicbtlioher 

Beziebung.     Arch,/.  Anthr<^.,  1880,  xii,  pp.  293-314. 
Butler,  Prof.  J.  D. — Aboriginal  use  of  copper  in  war  and  peace.    Am. 

Antiquarian,  iii,  No.  1. 
Ghantre,  E. — Notes  anthropologiques ;   de  I'origine  orientale  de  la 

m^tallurgie.     Lyon,  1880.    ,4°. 
CoNDEE,  JosiAH — The  history  of  Japanese  costume.     Tr.  Asiatic  Soc. 

Japan,  viii,  iii,  pp.  369-415,  6  col.  pi. 
Dahlberg,  R.  N.  &  Charles  L. — Composition  of  ancient  pottery,  &c. 

Smithson.  Rep.,  1879,  p.  349. 
Farrer,  J.  A. — Savage  and  civilized  warfare.    J.  Anthrt^.  Inst.,  ix,  Ko. 

4,  pp.  358-369. 
GooDB,  G.  Broww — The  use  of  agricultural  fertilizers  by  the  American 

Indians  and  the  early  English  colonists.     Fr.  Anthrop.  Soc.  WagMng- 

ton,  i,  p.  21.     {In  extenso  in  Am.  Naturalist,  July,  1880.) 
Gore,  J.  Howard — Tuckahoe,  or  Indian  bread.     Tr.  Anthrop.  Soo. 

Washington,  i,  p.  101. 
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Hot,  p.  B.  (Bacine,  Wis.) — How  were  copper  implements  febricated  by 
the  aborigiues  of  this  country  f    Wis.  Hist.  Gollectfoua,  viii. 

Jade  and  the  primitive  art-workmen.    Builder,  Jan.  31. 

Knight,  Edwabd  H. — A  study  of  the  savage  weapons  at  tbe  Cen- 
tennial Exhibition,  Philadelphia,  1876.  Smitbson.  Bep.,  1879,  pp. 
213-297.    (Profusely  iUustiated.) 

MOEGAN,  liBWls  H. — A  Study  of  the  houses  of  the  American  aborigi- 
nes; with  suggestions  for  the  exploration  of  the  ruins  in  New 
Mexico,  Arizona,  the  valley  of  the  San  Juan,  and  in  Yucatan  and 
Central  America.  Under  the  auspices  of  the  Archaeological  Insti- 
tute of  America.    Report  1879-'80. 

Oppeet,  G. — On  the  ancient  commerce  of  India.     Madras  J.  Lit.,  i, 

Putnam,  P.  W. — Pueblo  pottery.     From  the  Am.  Art  Rev.,  Feb.,  1881. 

Schumacher,  Paul — The  method  of  making  pottery  and  baskets  by 
the  Indians  of  Southern  California.  Rep.  Peabody  Mus,,  ii,  pp. 
531-525. 

SoLLAS,  W.  J. — On  some  Eskimo  bone  implements  irom  tbe  east  coast 
of  Greenland.    J.  Anthrop.  Inst,  ix.  No.  3,  pp.  329-336. 

Tyloe,  E.  B. — On  the  origin  of  the  plow  and  wheelcarriage.  J.  Ath 
tkrop.  Inst.,  X,  No.  1,  pp.  74^-83. 

VoGT,  C— I/feriture  consid^r^e  au  point  de  vue  physiologique.  (Ee- 
Tue  des  cours  scientifiques ;  Paris,  26  juin  1880.) 

WiTTMAGE,  L. — Ueber  antiken  Mais  aus  Nord-  und  Siid-Amerikak 
Ztschr.f.  EtknoL,  1880,  pp.  85-97. 

Vin.— Sociology. 
Bandelibk,  Ab.  F. — On  the  social  organization  and  mode  of  govern- 
ment of  tbe  ancient  Mexicans.    Eep.  Peabody  Mus.,  ii,  pp.  657-699. 
Bebemgeb,  Dr.  Febaud — Not«  sur  la  secte  des  Simos  au  sud  da 

S6n6gal.    Bev.  O'mthrop.,  1880,  pp.  424.^0. 
Bebtillon,  J. — La  statistique  hnmaine  de  France.   Paris,  1880,     16°. 

(See  Rev.  d^anthrop.,  1880,  p.  691,  for  a  review  of  the  demography 

of  Algiers.) 
De  I'influeuce  du  mariage  sur  la  tendance  au  suicide.     BulL 

Soc.  Wanthrop.  de  Paris,  1880,  pp.  277-295. 
Buddhist  (A)  family ;  or,  village  religious  life  in  India.    TkeoaopMstf 

June. 
BuBHESE  village,  Life  in  a.     (Spectator.)    Living  Age,  Oct.  16. 
Chastity — Its   development   and    maintenance.        Westminster   B&e. 

{Am.  ed.),   1880,  pp.  466-468. 
DuHBAE,  J.  B, — The  decrease  of  the  North  American  Indians.    Kama* 

Oitj/ Ren.,  Sept. 
Enfant  (U)  chez  les  sanvages  et  chez  les  civilises.    Rev.  hritanrnque^ 

Nov. 
EuHUQUES  (Les)  en  Chine.    Rec.  crit.  d^hietoire,  March. 
FisoN,  Bev.  LOBiMBB — ^Australian  marriage  law&    J,  Anthrop.  IntL, 

ix.  No.  4,  pp.  354r^58.  ii,j ,,, ,, i,  L.OOglC 
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FISON,  Rev.  LOEIMEE. — Notes  on  Fijian  burial  cuBtoms.  J.  Anthrop. 
Inst,  X,  No.  2,  pp.  137-148. 

Views  of  primitive  marriage.    Pop.  Se.  Month.,  June. 

Flower,  Prof.  W.  H. — Fashion  in  deformity.    111.     Pop.  A'e.  Month., 

Oct. 
GoEE,  J.  Howard — The  development  of  deliberative  governmentamong 

the  North  American  ludians.    I'r.  Antkrap.  Soc.  Washington,  i,  p.  58. 
- —  -     The  old  Boman  senate ;  a  study  of  deliberative  assemblies.     IV. 

Anthr<^.  Soc.  Washington,  i,  p.  9. 
Grellety — Le  manage ;  ses  avantages ;  sa  morality.     Hygiene  pour 

tous,  Paris,  1880,  v,  No.  xv,  p.  58. 
HOUOH,  M.  B.  W.— CiviJization.    Tr.  Anthrop.  Soc.  Washington,  i,  p.  100. 
Lb  Bon,  G. — LTiomme  et  les  soci^t^s,  leur  origine  et  leur  bistoire. 

Paris,  Rothschild. 
liBTOURNEATi,  Ghables — La  sociologie  d'apr&8  I'ethnogi-aphie.   Paris^ 

Beiuwald,  1880.    xvi-581  pp.     18°. 
Lyle,  D,  a,  (Lieutenant  of  Orduanee,  Springfield,  Mass.) — The  Indian 

question.    Springfield  Sunday  R^ublican,  March  7, 1880. 
Mikluoho-Maclay,    von — Gesehlechtlicher    Umgang    mit  Miidchen 

vor  der  Geschlechtsreife  derselbeii.    ZUehr.f.  Ethnol.,  Berlin,  1880,, 

p.  88. 

Langbeinigkeit  der  anstralieniscben  Frauen.    Ibid,,  p.  89. 

Stellung  des  Paares  beim  Coitus  und  das  AusBchleudem  des 

Spermas  vom  Weibe  nach  demselbeu.     Ibid.,  p.  87. 

Ueber  die  Mika-Operation  in  Central-Australien.    Ibid.,  85-87. 

MlTCHELi.,  ARTHnR — The  past  in  the  present :  What  is  civilization  ? 

Edinburgh,  Douglas.     (Beviewed  in  The  Athenwum,  Aug.  28, 1880.) 

MosTAGUB,  C — About  kissing.    Potter's  Am.  Month.,  Feb. 

NoRBis,  P.  W. — Modes  of  Indian  bnrial.  Tr.  Anthrop.  Soc.  Washing- 
ton, i,  p.  4. 

PrcKEEiNG,  W.  A. — Chinese  secret  societies.  J.  Straits  Branch  Boyal 
Asiatic  Soc,  iii. 

Powell,  John  Wesley — Wyandotte  government.  A  short  study  of 
tribal  society,  delivered  at  the  Boston  meeting  of  the  American 
Association  for  the  Advancement  of  Science,  August  1,  1880,  by 
M^.  J.  W.  Powell,  Director  Bureau  of  Ethnology,  Washington.  [In 
Science,  vol.  1,  No.  17,  New  York,  Oct.  23,  1880.  Reprinted  in 
several  New  York  and  Boston  newspapers  and  in  Cong.  Record  of 
Feb.  1, 1881.]     Tr.  Anthrop.  Soc.  Washington,  i,  p.  76. 

RiOE,  L. — The  Ganga  kings.    Madras  J.  Lit.,  i. 

EoYOE,  C.  C— The  Indian  title.  The  method  and  chronology  of  its 
extinguishment  by  the  United  States.  Tr.  Anthrop.  Soe.  Washing- 
ton, i,  p.  64. 

Spenceb,  Heebebt — Ceremonial  institutions;  being  part  iv  of  "The 
Principles  of  Sociology"  {the  first  portion  of  vol.  ii).  New  York,, 
D.  Appleton  &  Co.,  1880.     1  vol.    237  pp.     12°. 
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Spbncbb,  Hbbbbet. — The  development  oC  political  institatioiis.  I.— . 
FreUminary.    Pop.  80.  Month.,  Nov.,  Dec 

Descriptive  Hociology ;  or  groups  of  sociologian  facts,  classi- 
fied and  arranged  by  Herbert  Speocer.  Compiled  and  abstracted 
by  David  Duncan,  M.  A.,  Professor  of  Logic,  &c.,  in  the  Presidency 
College ;  Bichard  Scheppig,  Ph.  D. ;  and  James  Collier.  Hebrews 
and  Fhcenicians.  Compiled  and  abstracted  by  Bichard  Scheppig, 
Ph.  D.    New  York,  D.  Appleton  &  Co.    No.  7  of  the  series. 

Wheeleb,  J.  T. — Feasant  life  in  Bengal.-  (MacmiHati?s)  EcUctie  Mag,, 
Oct. 

Tabbow,  Henry  Crdcy — (Smithsonian  lustitntion — Bureau  of  Ethnol- 
ogy. J.  W.  Fo well,  Director.)  Introduction  to  the  study  of  mor- 
tuary customs  among  the  North  American  Indians.  By  Dr.  H.  0. 
Yarrow,  Act.  Aast.  Surg.  U.  S.  A.  Washington,  Government 
Printing  Office,  1880.    ix,  114  pp.    4°. 

~    Burial  customs  of  the  North  American  Indians.     Tr.  Anthrop. 

Soo.  WaghiRffton,  i,  p.  58.  [Published  in  extenao  in  the  authot's  vol- 
ume on  the  mortuary  customs  of  the  North  American  Indians.] 

IX. — Daimonologt. 

Anderson,  Basmus  B. — Teutonic  mythology.  Am.  Antiquariai^j  ii, 
N0.4.  [Professor  Anderson  conducts  the  department  of  Pre-Colum- 
bian History  in  the  American  Antiquarian.] 

Balfoub,  F.  H. — The  flower-fairies.     Ckina  Rev.,  March,  April. 

Bali.,  V. — Wolf-reared  children.  (Extracted  iiNim  "  Jungle  Life  in  In- 
dia", p.  454  et  seq.)    J.  Antkrop.  Ijut.  ix,  No.  i,  pp.  465-474, 

Baeth,  H. — Lea  religions  de  I'lnde.  Paris,  Fischbacher,  1880.  180  pp. 
8°. 

Bastiak,  Adolf— Die  heilige  Sage  der  Folynesier.  Kosmogonie  end 
Theogonie.  Leipzig,  F.  A.  Brockhaos,  18S1.  8°.  (Preface  dated 
Berhn,  Nov.,  1880.)  xii-302  pp.  (Beviewed  in  the  NaUoH,  April, 
1881,  No.  825.) 

BoacAWEN,  W. — Notes  on  Assyrian  reUgion  and  mythology.  Tr.  Soc 
BUtUcal  ArehcBolo^,  vi,  p.  2. 

BuDQE,  A. — Assyrian  incantations  to  fire  and  water.  Tr.  Soc.  Biblical 
ArchvBology,  vi,  p.  2. 

Chabbncy,  M.  de — ^Ages  cosmiqaes  d'apr^s  la  mythologie  mexicaine. 
Ann.  de  philosophie  ckrStienne,  Nov.,  i,  15  pp. 

Chetbieb,  Eduond — De  la  religion  des  peoples  qni  ont  habits  la  Gaule, 
suivi  des  monuments  m6galithic|ues  en  Gaule.  Bourg,  Authier  et 
Barbier,  1880.    80  pp.    8°. 

Cox,  G.  W. — The  migration  of  popular  stories.  {Fraaer's  Ma^.)  EdeeUo, 
Sept. 

Homeric  mythology  and  religion.    A  reply  to  Mr.  Gladstone. 

Frazer's  Mag.,  Dec 

Forms  of  salutations.    Eclectic  Mag.,  Jan. 
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DOBSET,Bev.  J.OwxN — ^nie  rabbit  and  the  grasshopper;  anOtoemytii. 

Am.  Ant4quarian,  iii,  No.  1. 
DUBltll>ON,  P.— Le  culte  des  morta  et  les  cimeti6r«8.     Rev.  occidental, 

Jan. 
Dyee,  T.  F.  Thiseilton— The  moon  and  its  folk-tore.    Gentieman'a 

Mag.,  Ang. 
Folk-songs,  Venetian.     Comhill  Mag.,  Oct. 
Gardnbb,  W.  H. — A  flock  of  mythological  crows.    Pop.  Sc.  Month., 

Nov. 
GA8TEB,   Dr. — Jewish    and    oomparative    folk-lore.      Monattschr.   f. 

OeseUsch.  (f.  Jvdenthvms,  Jan. 
Gatbchet,  a.  S. — Superstitions.     IV.  Anthrop,  8oc.  Woikinffton,  i,  p. 

103. 
The  four  creations  of  mankind.   A  Tualati  mytb.    Tr.  AvArop. 

8oe.  Washington,  i,  p.  60. 
GoMHE,  G.  L. — Folk-lore  and  the  Folk-lore  Society.    Antiquary,  Jan. 
OUTAN,  M. — De  I'origine  des  religions.    Bm.  phiUfgt^hique,  Dec. 
Hoffmann,  W. — Russian  superstitions.    Penn  Month.,  Jan. 
JoLY,  J. — The  origin  of  Norse  mythology.     Academy,  Jan.  24. 
Knighton,  W.— Demoniacal  possessions  in  India.    Ifineteenth  Century, 

Oct. 
JjECLBBCQ,  B. — Histoire  de  la  divination  dans  I'antiquit^.    Set.  erit. 

S'kistoire,  Dec. 
Legge,  JA31B6 — The  sacred  books  of  China.    The  texts  of  Confacianism. 

Part  i.    Oxford,  Clarendon  press.    (Eeviewed  in   The  Atkenasum, 

Sept.  18,  1880.) 
LuQUlsNs,  J. — The  Avesta  and  the  storm  myth.   Wetc  Englander,  Sept. 
McClintook,  Letiiia — Beasts,  birds,  and  insects  in  Irish  folk-lore. 

Eclectic  Mag.,  Jan.,  from  Belgratia. 
Magbt,  G. — Culte  de  Sinto.    Pkilos.  pomtire  rev.,  Sept-Oct. 
Mallebv,  Gabbick — Comparative  mythology  of  the  two  Indies.     IV. 

Anthrop,  Soe,  Washington,  i,  p.  12. 
May£B8,  W".  F. — On  the  stone  figures  at  Chinese  tombs  and  offering  of 

living  sacci&ces.    J.  H.  China  Branch  Roy.  Asiatic  Soe.,  xii. 
MULLEB,  F.  Max— The  sacred  books  of  the  East.    Vol.  i.    The  TJpa- 

nisbads.    Oxford,  Clarendon  Press.     (Reviewed  in  The  Atheneeum, 

Aug.  14,  1880.    For  a  review  of  subsequent  volumes,  see  2fature, 

July  1.) 
Nubian  races.     Pop.  So.  Month.,  Aug. 
PlETBEMENT,  C.  A. — Les  chevaux  de  I'Avesta  et  le  myth  de  Tistrya. 

Eev.  linguistiqtie,  July. 
Powell,  John  Wesley — My  thologie  philosophy.  An  address  by  John 

W.  Powell,  vice-president,  before  the  American  Association  for  the 

Advancement  of  Science,  at  Saratoga,  N.  T.,  August,  1879.    (Ee- 

printed  from  vol.  xxviii  of  the  Proceedings  of  the  American  Asso- 
ciation for  the  Advancement  of  Science.)     Salem,  printed  at  the 

Salem  Press,  1880.    30  pp.      8°.  uu  ,,  jt,C_.OOglc 
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Beiibtsbk,  E. — Oriental  folk-lore.     Calcutta  Rev.,  April. 

Eknoup,  p.  le  Page — Tlie  origin  and  growth  of  religion  as  illostrated 

by  tUe  religion  of  ancient  Egypt.   (The  Hibbert  Lectures  for  187i.) 

2Jew  York,  Ch.  Scribner's  Sous,  1880.     1  vol.    270  pp.     12°. 
Bbys  Davids  (T.  W.) — Bnddhist  birth  stories;  or,  Jataka  tales.    Vol. 

i,    Triibner. 
BicOABDi,  Dr.  Paolo — Atheism,  fetichism,   and  anthropomorphism. 

Studies  in  the  science  of  religion.  Arch.  p.  ranfr<>p.,  Florence,  s,  No. 

1,  1880. 
BiGOB,  Eev.  Stephen  B. — The  theogoay  of  the  Sioux.  Am.  Antiquarian^ 

ii,  No.  4. 
SuiTH,  W.  B. — Animal  worship  and  animal  tribes  among  the  Arabs  in 

the  Old  Testament.  J.  Philology,  xvii. 
SoucHE,  B. — Croyances,  presages  et  traditions  diverses.    Niort,  1880. 

pp.  52.    80. 
Wai,eottse,  M. — Bag  bushes  in  the  East.    Indian  Antiquary,  June. 
Wbstbopp,  Hoddee  M. — Notes  on  fetichism.    J.  Anthrop.  Inst.,  ix,  No. 

3,  pp.  304-312. 

X. — iNSTEUMENTALITmS  OF  EESEAECH. 

Ameeioan  Association.     Science,  i,  pp.  42-290,  occasionally.    A  list 

of  the  papers  will  be  found  in  the  Am,  Katuralist  for  October. 

[The  meeting  at  Boston  was  the  largest  ever  held.  The  papers, 
a  list  of  which  is  given  below,  were  exceptionally  valuable.  The 
president's  address  will  be  found  recorded  under  the  name  of  Mty, 
J.  W.  Powell.] 

1.  Ethnology  of  Africa.     A.  S.  Bickmore. 

2.  Myths  and  folk  lore  of  the  Iroqnois.     Erminuie  A.  Smith. 

3.  Prehistoric  altars  of  Whitesides  County,  III.    W.  C.  Holbrook. 

4.  Theory  of  primitive  democracy  in  the  Alps.    D.  W.  Boss. 

5.  Ancient  monnds  near  Naples,  111.     J.  G.  Henderson. 

6.  The  mounds  of  Illinois.    Wm.  McAdams. 

7.  Prehistoric  and  early  types  of  Japanese  pottery.    E.  S.  Morse. 

8.  Scheme  of  the  tenth  census  for  obtaining  statistics  of  untaxed 

Indians.    Garrick  Mallery. 

9.  Stone  implements  from  the  river  drift  of  New  Jersey.    O.  C. 

Abbott. 

10.  Indications  of  pre-Indian  occupancy  of  the  Atlantic  coast  of 

North  America  subsequent  to  that  of  palaeolithic  man.    C. 
C.  Abbott. 

11.  The  probable  existence  in  America  of  the  prehistoric  practice 

of  trepanning  in  the  cutting  of  rondelles  or  amulets  from 

the  skull.     E.  J.  Farquharson. 
13.  The  Dacotah  tribes.    Glen.  H.  B.  Carrington. 
13.  Textile  fabrics  of  the  ancient  inhabitants  of  the  Mississippi 

Valley.    J.  G.  Henderson. 
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AUEBIOAN  AssooiATiON — Gontitiaed. 

14.  Engraved  tablet  from  a  monnd  in  Ohio.    W.  J.  Knowlton. 

15.  Japanese  caves.    E.  S.  Morse. 

16.  Ancient  agricnltoral  implements  of  stone.    Wm.  McAdams. 

17.  Alabaster  quarries,  flint  mines,  and  other  antiqaities  of  Mam- 

moth, Wyandot,  and  Luray  caverns.    H.  C  Hovey. 

18.  The  olassiflcation  of  kindred  by  the  North  American  Indians. 

J.  W.  Powell. 

19.  On  the  Iroquois  languages.    Erminnie  A.  Smith. 

20.  On  the  ranli  of  the  Indian  languages.    J.  W.  Powell. 

21.  Bemarks  on  the  mound-builders.    J.  F.  Everhart. 

22.  Coutemporaneous  existence  of  mastodon  and  man  in  America. 

B.  J.  Farquharson. 

23.  Conventionalism  in  ornamentation  of  ancient  American  pot- 

tery.   F.  W.  Putnam. 

24.  On  the  occurrence  in  'Sew  England  of  carvings  by  the  Indiana 

of  the  northwest  coast  of  America.    F.  W.  Putnam. 

25.  Sign-Iauguage  and  pantomimic  dances  among  North  American 

Indians.    J.  G.  Henderson. 

26.  The  topographical  survey  of  the  works  at  Aztalan,  Wis.    S.  D. 

Peet. 

27.  The  military  system  of  the  emblematic  mound-builders.    S. 

D.  Peet. 

28.  Improved  stereograph  for  delineating  the  outlines  of  crania.. 

A.  S.  Bichmore. 

29.  Feeling  and  fnnction  as  factors  in  human  development.    Les- 

ter F.  "Ward. 

30.  The  uses  of  the  "  chungkee-stone."    Alfred  M.  Mayer. 

31.  Belation  of  the  archaeology  of  Yermont  to  that  of  the  adjacent 

States.    Geo.  H.  Perkins. 

32.  Exhibition  of  some  gambling  games  of  the  Iroquois.    Ermin- 

nie A.  Smith. 

33.  Parturition  in  a  kneeling  postare  as  practiced  by  the  women 

of  tBe  mound-building  and  stone-grave  peoples.    C.  Foster 
Williams. 

34.  The  antiquity  of  man  in  Eastern  America  geologically  con- 
.    sidered.    Henry  C.  Lewis. 

35.  A  comparison  between  the  shells  of  KjSkkenmoddings  and 

present  forms  of  the  same  species.    E.  S.  Morse. 

36.  Antiquities  of  Onondaga  County,  N.  Y.     W.  M.  Beanchamp. 
Anthropological  Institute  of  Great  Britain  and  Ireland — Published 

vol.  ix,  No.  3  &  4;  X,  No.  1  &  2. 
Anthropological  Society  of  Washington— iSetence,  i,  pp.  202}  262; 
286.  (A  volume  entitled  "Abstracts  of  transactions  of  the  Anthro- 
pological Society  of  Washington,  D.  G.,''  with  the  annual  address 
of  the  president,  for  the  first  year,  ending  Jan.  20, 1880,  and  for 
the  second  year,  ending  Dec.  31,  laiso.)  „      ,|,  L,oOQIc 
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Anitquaby — ^A  magazine  devoted  to  the  study  of  tbe  past  Edited  by 
Edward  Watford.    J.  W.  Bouton,  N.  Y. 

Antkopoloqicheskaja  Tistavka,  1879,  go  goda.    (AnthropologicaJ 

ExpositiOD  at  Moscow  in  1879.)  Moskva,  1879. 
.  Abch^ologioAI.  InstitDte  of  America — First  annual  report  of  the  ex- 
ecutive committee,  with  accompanying  papers,  1879-'80.  Preaented 
at  the  annaal  meeting  of  tbe  institote,  Boston,  May  Id,  1880.  Cam- 
bridge. John  Wilson  &  Son,  1880.  1vol.  163  pp.  8°.  [Commaniea- 
tions  should  be  addressed  to  Mr.  E.  H.  Greenleaf,  Mosenm  of  Pine 
Arts,  Boston,  Mass.     See  Moegan.] 

Aech^iologt  and  Ethnology,  American.    Sdence,  i,  p.  7. 

Aechiv  fiir  Anthropologie,  Brnsehwg.,  i-xii,  1866-79. 

Aeohivio  per  I'antropologia  e  la  etnoiogia,  i-ii,  1871-80. 

Attstriak  Society  of  Anthropology  and  Prehistory — [In  the  first 
number  of  Mitth.  d.  Anthrop.  Gesellsch,  in  Wien,  published  April 
27, 1880,  Dr.  M.  Much  gives  a  detailed  account  of  the  meeting  of 
Aostriau  anthropologists  which  took  place  July  28  and  29, 1879, 
at  Laibach,  in  Austria,  Among  the  subjects  discussed  were  grave- 
mounds,  pottery,  craniometry,  lake-dwellings,  and  ethnography. 
The  subsequent  numbers  of  the  Mittheilungen  treat  of  craniometry, 
•cephalometry,  mythology,  ethnography,  archaeology.] 
-  Babbee,  E.  A. — (Conducts  the  department  of  anthropological  news  in 
the  Am.  Antiquarian.) 

BiiAED,  A. — Les  races  hnmaines  et  les  grandes  explorations  du  globe. 
Kouen,  Megard  et  Cie.,  1880.     1  vol.    392  pp.    40. 

Bo£:hmee,  George  H. — Index  to  papers  on  anthropology  published  by 
the  Smithsonian,  1847-78.     Smithson.  Bep.,  1879,  pp.  476-483. 

British  Association,  1879.  The  report  of  the  Sheffield  meeting,  pub- 
lished in  1880,  contains  the  presidential  addresses  in  full,  and  ab- 
■  stracts  of  aU  anthropological  papers  read. 

Beooa,  Paul — (Biographical  notices  in  many  journals.  See  a  list  in 
Index_  Meditms,  iii,  p.  57.) 

Biography  and  complete  bibliography.    Jtev,  d'anthrop.,  Oct., 

1880. 

BuJAOK — Auszug  aus  dem  Catalog  der  Sammlung  der  Alterthams 
gesellschaft  Preussens.    Arch./.  Antkrop.,  1879,  xii,  pp.  75-89. 

Bulletins  de  la  Soci6t6  d'anthropologie  de  Paris.    Vol.  i-vi,  1860-'65, 
2d  series,  i-sii,  I866-'77 ;  3d  series,  i-iii,  1878-^80.    20  vols. 
Paris,  1860-'8O. 

Callamahb — ^Review  of  German  anthropology.  Bev.  d?antkrop.,  1880, 
pp.  175-186.     See,  also,  p.  687. 

COLLISEAU — Review  of  French  anthropology.  Ree.  d^anthrop.,  1880, 
pp.  124^131. 

Congers  international  des  sciences  anthropologiqnes.     In  connection 
with  the  Exposition  at  Paris  in  187S  was  held  the  '"Congr^  intema- 
tienal  des  «cieBOes  anthropologiqaes."    The  sdperb  collectionB  of 
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GoNGBiis  international  des  sciences  antbropologiiiues,  (continued. ) 

specimens  illuatratiog  every  department  of  anthropology  added 
very  mnch  to  the  interest  and  value  of  the  papers  read.  These  eom- 
manications  were  collected  and  published  in  a  volume  bearing  the 
nameofthe  Congrfes.  Paris,1880.  Their  titles  will  be  found  below 
(From  the  Am.  Naturalist,  April,  1881,  pp.  331-332.) 
Ambghino,  F. — ^L'homme  pr6hi8toritiue  dans  le  bassin  de  La  Plata. 

pp.  3il-350. 
Bataillaed,  p. — Historiqae  et  pr^liminaires  de  la  question  de 

Timportation  du  bronze  dans  le  nord  et  Toccident  de  I'Europe 

par  les  Tsiganes,  pp.  153-166. 
Beddob,  J, — Sot  quelques  crfl,nes  d'nn  vieux  cimetifere  de  Bristol, 

pp.  283-285. 
Benbdikt,  M.— Sur  les  cerveaux  des  criminels,  pp.  141-148, 
BoBDiEB — Bapport  sur  I'ethnologie  de  I'Asie  orientale,  de  I'Afrique, 

et  de  I'Oc^anie,  pp.  39-47. 
Capellini,  G. — Incisions  sur  des  os  de  c6tac^s  tertiaires,  pp. 

224-234. 
Caetailhac,  E. — ^Eapport  snr  la  paMo-etfanologie ;  p^riode  Eoben- 

hausienne  ou  de  la  pierre  polie,  pp.  51-56. 
Ghil — M6moire  snr  I'origine  des  Guanches  on  habitants  primitii^ 

des  lies  Canaj-ies,  pp.  167-220. 
D'ACY,  E, — Sotes  sur  les  patines  des  silex  tailing  des  alluvions  de 

Saint-Acheul,  et  sur  I'ordre  de  If  urs  superpositions,  pp.  23^237, 
Daleait,  F. — Notice  sur  les  stations  pr^historiques  de  l'4tang  de 

Lacanau,  arrondissentent  de  Bordeaux  (Gironde),  pp.  351-354. 
01JPONT,  E. — Sur  les  Nutoue,  pp.  124^126. 
GlEAED   DE  KiALLE — Kapport  suF  I'ethuologie  de  I'Europe,  de 

I'Asie  occidentale,  et  de  I'Am^rique,  pp.  35-39. 
HovELACQVB,  A. — Les  races  inKrieures,  pp.  264-266. 
JACQUINOT,   H.,  &  P.   Usqu:n — Le   n^cr»pole    de   Pougues  les- 

Eaus  (NiSvre) ;  derniers  temps  de  I'age  du  bronze,  pp.  238-250. 
Latteux — Prociid^  pour  obtenir  des  coujws  rigoureusement  trans- 

vers'ales  du  cheveu.  pp.  98-105. 
Le  Boti,  G. — Kechercties  anatomiques  et  math^matiques  sur  les 

variations  de  volume  du  cr&ne,  pp.- 72-75. 
IMaubel,  E. — ]^tude  anthropologiqne  sur  les  immigrants  indiens 

k  la  Guyane  franjaise,  pp.  75-93. 
MoETiLLBT,  G.  DB — D6couvert«  de  I'Am^riqne  aux  temps  |u6- 

historiques,  pp.  267-273. 
Pagliani,  L, — Etndes  anthropom^triques,  pp.  62-72, 
Biohabd— Bur  des  d^couvertes  de  silex   tallies  dans  le  Sahara 

a&icain,  en  Egypte  et  en  Palestine,  au  tombeau  de  Josu^,  eta, 

pp.  278-283. 
RoYEB,  Mme.  0. — Des  rapports  des  proportions  du  crane  aveccelles 

du  corps,  et  des  caract^res  correlatifs  et  ^vulutifsen  taxonomie 

humaine,  pp.  105-119. 
M^moire  sur  I'origine  des  Aryas  et  leurs  migrations,  pp. 

304-333. 
Schmidt,  V. — ^De  I'Sge  de  bronze  en  Europe  et  notammentr  en 

Scan dina vie,  pp.  285-288. 
SouCHfi — Une  si^pulture   de  I'^poque  Eobenhausienne,  ou  de  la 

pieiT©  polie,  i  Pamproux  {Deux -Sevres),  pp.  336-340. 
Thomas,  P. — B«cherches  sur  les  sepultures  anciennes  des  environs 

d'Aiuel-Bey  [near  Constantine,  Algeria],  pp.  358-385.    ^^|^. 
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CoNGB&s  intemational  des  sciences  anthropologiques,  (continued.) 
TopiNABD,  P. — De  I'uniflcation  des  m^tiiodes  craniom^triqaes  et  en 
particulier  de  cabage  des  clones  et  du  plan  alv^olo-condylien, 
pp.  135"lii. 

Rapport  BUT  I'anthropologie   anatomique,  biologique,  et 

pathologique,  pp.  29-35. 
TJjFALVY,  C.  E,  DE— Quelques  obaerrations  aommaires  ear  les  races 

en  Aaie  centrale,  pp.  126-135. 
Zababowski,  S. — Des  monuments  pr^historiques  de  la  basse  Yis- 

tule,  pp.  259-264. 
Zawi&za,  J. — Sur  la  caveme  dn  mammoath  (en  Pologne), 

.  220-222. 

Zeballos,  E.  S. — Xote  sor  an  tnmalns  pi^historiqne  de  Ba^nos- 

Ayres,  pp.  148-153. 

Congress  of  antliropology  and  prehistoric  archseology,  International, 

at  Lisbon,  20-29th  September,  1880.    Rev.  ^anthr&p.,  1880,  p.  370. 

CoTTEAtt — Les  sciences  anthropologiques  ^  I'Exposition  nniverselle  de 

1878.    Anxerre,  1879. 
Dally,  Dr. — De  la  place  de  rauthropologie  dans  les  sciences.    Eev. 

d?antkrop.,  1880,  pp.  414-423. 
Davis,  Charles  H.  8. — Index  of  articles  on  archaeology,  anthropology, 

and  ethnology.    Am.  Antiquarian,  ii,  No.  3,  p.  239. 
EcoLE  d'a&thropologie — Course  of  study.    Bee.  d?anthrop.,  1880, 


EiNLEiTUNG  zur  Beschickung  der  Ausstellnng  anthropologischer  and 
vorgeschichtlicher  Freunde  Deutschlands.  Ztschr.f.  Ethnol,  Ber- 
lin, 1880,  xii,  pp.  69-78. 

Ethnology,  American.    Science  i,  p.  17. 

Peetjch  Association,  session  of  1880.    Eev.  ^anthrop.,  1880,  pp.  370-568. 

HOPF,  W.  Bainbeidge — A  strange  chart.  Tr.  Anthrop.  8oc.  Wask- 
ington,  i,  p.  33. 

Tntjbx  Mbdictjs — A  monthly  classified  record  of  the  enrrent  medical 
literature  of  the  world.  Compiled  under  the  supervision  of  Dr. 
John  9.  Billings,  Surgeon,  XT.  S.  A.,  and  Dr.  Robert  Fletcher,  M. 
E..C.  S.  Eng.    VoLIL    New  Tort,  F.  Leypoldt,  1880. 

[In  the  Index -Catalogue  of  the  Library  of  the  Surgeon-General's 
Office,  United  States  Army,  the  first  volume  of  which  has  appeared 
(A — Berlinski)  in  sm.  4°,  888  pp.,  will  be  found,  under  the  word 
Anthropology,  a  most  valuable  collection  of  the  titles  of  journals 
and  papers.] 

IssAUBAT — Review  of  Italian  anthropology. .  Rev.  ^antkrop.,  1880,  pp. 
135-137.     See,  also,  309. 

JOHES,  C.  C,  jr. — Hernando  de  Soto.  [The  adventures  encountered 
and  the  route  pursued  by  the  adelantado  during  his  march  through 
Georgia.]     Savannah,  Ga.,  1880.    8°. 

Jouenal  of  the  Anthroiwlogieal  Institute  of  Great  Britain  and  Ire- 
land.   Vols.  i-ix.    London,  1871-80. 

Kant,  E, — Anthroiwlogy.    J.  ^eculative  Phiha.,  July.  /    ,  wvtI  ■ 
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KUHPF — Review  of  BasBiao  anthropology.     B&b.  ^anthrop.,  1880,  pp. 

158-164;  other  reviews  id.,  pp.  347-349. 
Lasobatory  of  anthropology  of  the  Scole  des  hautes  ^tndes.    Eev, 

^anthrop.,  1880,  p.  568. 
Lagneau,  G. — ^France:  Anthropologic    Diet,  encycl.  d.  sc.  mid.,  Paris, 

1879,  4""  8.  iv,  p.  558;  v,  i,  p.  45. 

IJANG,  John  0. — Ancient  maps  of  North  America.     IV.  Anthrop.  Soc. 

Washington,  i;  p.  25. 
Lebon,  Gustav — Review  of  Russian  anthropology.     Bev.  Wanthrop., 

1880,  pp.  165-169. 

IiEPBYRB,  A. — Reviews  of  anthropologieal  works.  Rm}.  d?anthrop.,  1880, 
p.  324. 

Letoubnbau — Review  of  ItaUan  anthropology.  Rev.  d?anthrop.,  1880, 
pp.  132-134. 

SlANOTrvBiUB,  L. — Reviews  of  Italian  anthropology.  Rev.  ^anthrop., 
1880,  pp.  335-344.  Scapular  index,  id.,  pp.  500-505.  French  an- 
thropology, pp.  532-538.    Italian,  pp.  239-442,  702. 

SlABTiimT,  LuDOViC — Review  of  anthropology  in  Italy.  Eev.  d?an- 
throp.,  1880,  p.  102.  Mat^riaax  pour  I'histoire  de  Phomme,  id.,  p- 
286.    See,  also,  pp.  303;  518. 

Mason,  Utis  T. — Anthropological  investigations  during  the  year  1879. 
Smithson.  Rep.,  1879,  pp.  449-475. 

Summary  of  correspoudeuce  of  the  Smithsoniaii  Institntiou 

previous  to  Jan.  1, 1880,  in  answer  to  Circular  Ko.  316.    Smithson. 
Rep.,  1879,  pp.  428-448. 

Sketch  of  North  Americau  anthropology  in  1879.  Am.  Natu- 
ralist, May. 

Notes  on  anthropology.    With  bibliography.    Am.  Naturalist, 

Jan.-Dec.,  1880. 

MiTTHEiLunoEN  doT  Anthiopologischen  Gesellschaft  in  Wien.  VoL 
i-ix,  1871-80. 

Much,  M. — Bericht  Uber  die  Versammlung  osterreichischer  Anthropo- 
logen  uud  Urgeschichtsforscher  am  ^8.  und  29.  Juli  1879,  zu  Lal- 
bach.    Mitth.  d.  Anthrop.  GeselUch,  in  Wten,  1880,  x,  pp.  1-5. 

MusBUM  of  Natural  History,  Paris.  Courses  of  study  and  conferences 
on  anthropology.    Eev.  d!anthrop.,  1880,  pp.  369. 

Mycen^.  Gompte  rendu  de  la  Commission  imp^riale  arch^ologlque 
pour  I'ann^e  1877.  {St.  Petersburg.)  Mykenai,  eiu  kritische 
Untersnchung  der  Schliemannschen  Altertliiimer  untere  Verglei- 
chung  rnssischer  Funde.  Von  Ernst  Schaltze.  {St.  Petersburg) 
{Reviewed  in  The  AtUen<Bum,  Aug.  21, 1880.) 

Norton,  C.  E.  (Cambridge,  Mass.) — See  first  annual  report  of  the 
Archaeological  Institute  of  America. 

PeABODY  Museum.  Twelfth  aJitl  thirteenth  annual  reports  of  the  trus- 
tees of  the  Peabody  Musenm  of  Americaji  Archaeology  and  Ethnol- 

U,j,,,;Jt,L.OOglC 
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Peabody  MuseniD,  (continued.) 

ogy,  presented  to  the  President  and  Fellows  of  Harvard  College, 
April,  1880.    Vol.11.    Nos.  3,4.    Cambridge,  1880. 

[The  contents  of  this  volame  are  distribated  among  the  names  of 
their  authors.] 

Petebmann's  Mittheilungen — [Each  number  of  this  standard  journal 
famishes  several  pages  of  geographical  bibliography.  The  works 
mentioned,  especially  those  under  Asia,  Africa,  Polynesia,  and 
America,  frequently  contain  exceedingly  valuable  chapters  upon 
the  abori^nes  of  the  regions  explored.] 

Powell,  J,  W. — On  the  limitations  to  the  use  of  some  anthropologi- 
cal data:  annual  address  of  the  President  of  the  Wasliington  An- 
thropological Society.     IV.  Anthrop.  Soo.  Wmkington,  i,  p.  113. 

Pozzi,  Dr. — Paul  Broca.  Biographie  el;  bibliographie.  Mev.  (fan- 
(Arop.,  1880,  pp.  677-609. 

Sketch  of  Lewis  H.  Morgan.    Pop.  8c.  Month.,  lifov. 

Pdllignt,  Vtb.  de — Lecture  ^  la  Sorbonne,  section  d'arch6ologie. 
Projet  de  vulgarisation  des  sciences  pr^historique  et  g^ologique 
dans  les  4coles  commuuales.    pp.  12.    8°.     1880. 

Beclvs,  £lis^ — ^Nouvelle  g6ographie  universelle.  La  terre  et  les 
honunes.  Tome  V.  I/Europe  scandinave  et  rasse.  Paris,  Ha- 
chette  et  Cie.,  1880.    iv-944  pp.,  cartes  et  dessius.    8°. 

Revue  d^nthropologie — Paris,  France.  Published  vol,  ii,  2d  series, 
Nos.  1^. 

Revue  de  I'Histoire  des  religions,  publi^e  sous  la  direction  de  M.  Mau- 
rice Vernes  avec  le  concours  de  MM.  A.  Barth,  A.  Bouche-Leclercq, 
P.  Decharme,  S.  Guyard,  G.  Maspero,  ami  C.  P.  Tiele  (of  Leyden). 
Premiere  ann^e,  tome  U,  No.  5,  Sept.,  Oct.  Paris,  Ernest  Leroux, 
editeur,  1880.  (Annales  du  Mus^e  Guimet.)  The  Review  is  purely 
historical,  excluding  everything  of  a  polemic  or  dogmatic  character. 
A  very  excellent  bibliography  is  appended  to  each  number. 

Hhees,  Wm.  J. — Visitors'  guide  to  the  Smithsonian  Institution  and 
National  Museum.  (Contains  much  valuable  information  relative 
to  the  national  collections.) 

BiBEiBO,  Cablos — Programme  of  the  Congrfe  international  d'anthro- 
pologie  et  d'arch^ologie  pr^historiques.  Ninth  meeting  at  Lisbon, 
1880,  Sept.  20-29. 

Sabin,  Joseph — A  dictionary  of  books  relating  to  America.  Parts  GO- 
TO.   Joseph  Sabine  &  Sons,  New  Tork. 

Schmidt,  Dr.  Emtl — Mittheilungen  aus  der  anthropologischeu  Lite- 
ratur  Amerilcas.     (Brochure  from  Archivfur  Anthropologie.) 

Smithsonian  Contributions  to  Knowledge.    VoL  xxii  contains  the  fol- 
lowing memoirs: 
Antiquities  of  Tennessee,  by  Joseph  Jones. 
Sculptures  of  Santa  Lucia,  S.  Habel. 
jVrchEeological  Collections  of  the  National  Museum,  by  Charles  Ran. 
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Smithsonian  CoDtributions  to  Knowledge,  (oontiiined.) 
The  Paleaque  tablet,  Charles  Hau. 

Bemains  of  man  in  the  Aleutian  Islands,  by  W.  H.  Dall. 
Society  d'anthropologie.    Bureau  for  1880.    Rev.  ^anthrop.,  1880.  p. 

187. 
Vaes — Review  of  German  anthropology.    Eev.  ^anthrop.,  1880,  pp.  170- 

174. 
Wteoubopf,    Q. — A    propo3    d'anthropologie.    Philos.   positive    rev. 

Sept,  Oct. 
Zababowsei,    M. — ^Beview  of  anthropological  literature  in  Poland, 

France,  and  Portugal.    Sev.  ^antkrop.,  1880,  pp.  90  j  104 ;  109.    See, 

also,  pp.  320;  366;  506;  678;  713. 
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ABSTRACTS  OF  THE  SMITHSONIAN  CORRESPONDENCE  REU- 
TIVE  TO  ABORIGINAL  REMAINS  IN  THE  UNITED  STATES. 


By  Otis  T,  Hasoht. 


Yery  important  information  relative  to  the  antiquities  of  oar  coun- 
try continues  to  appear  in  the  correspondence  of  the  Smithsonian  In- 
stitution in  response  to  Circular  No.  316,  That  which  relates  to  relics 
is  preserved  by  Professor  Charles  Eau.  It  only  remains,  therefore,  here 
to  collect  and  publish  that  which  refers  to  the  permanent  remains  of 
the  country,  such  as  shell-heaps,  mounds,  circumvallations,  pueblos, 
&c.  The  diligence  and  care  with  which  the  locations  and  characteris- 
tics of  such  structures  are  marked  and  preserved  by  the  intelligent  na- 
tions of  the  Old  World  should  be  an  example  to  as  with  reference  to 
onr  own  country.  Very  few  persons  realize  the  preciousness  of  such  a 
statement  as  "  There  are  no  ancient  remains  whatever  in  my  county,' 
or  "There  are  shell-heaps,  mounds,  or  ancient  earth-walls  in  such  a 
place."  It  is  designed  by  the  Institution,  when  the  permanent  work  on 
archseology  is  published,  to  have  no  blank  spaces  whatever;  but  to  he 
able  to  give  an  intelligent  account  of  every  county  and  even  every  town- 
ship in  the  United  States. 

Babnabd,  D.  Mentions  an  old  graveyard  near  San  Buenaventura,  Cal.. 
where,  under  large  flat  bowlders,  lay  skeletons  with  chipped  imple- 
ments, beads,  mica  crucibles,  red  paint,  mortars  and  pestles,  and  vases 
or  urns. 

Billings,  Melvin.  ESends  to  the  institution  specimens  &om  mounds 
and  graves  near  Marion  Centre,  Kaus.  Among  them  was  a  tablet 
found  8  feet  below  the  surfaee,  on  the  second  bottom,  beneath  a  de- 
posit of  clay,  surrounded  by  about  a  bushel  of  ashes,  shells,  and  broken 
pottery. 

Beacb,  a.  L.  Has  forwarded  description  and  drawing  of  a  flint  flake 
found  in  an  excavation  3  feet  under  the  surface  in  a  yellow  bed  of 
clay,  at  Amajwnia,  Andrew  County,  Missouri,  The  implement  is  14J 
inches  long,  5J  inches  wide,  and  1  inch  thick  in  the  widest  part,  Mr. 
Brace  also  describes  other  implements  in  his  possession. 

Bush,  Mibs  Jennie  E.  Gives  notice  of  the  destruction  of  the  museum 
of  tiie  Oalifomia  State  normal  school,  February  10, 1880 ;  also  an  ao- 
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coant  of  a  collectloii  of  stone  implements  from  Coyote  and  Gnadalonpe 
Eivers,  CaliforQia.  [The  Smithsonian  Institution  is  in  receipt  of  let- 
ters constantly,  giving  account  of  the  destruction  of  valuable  collec- 
tions by  fire.  It  has  been  the  policy  of  the  Institution  to  foster  private 
and  local  musenms  in  every  possible  way ;  but  it  is  an  irreparable  loss 
to  science  when  a  largo  and  unique  collection  is  thus  destroyed,] 

Chase,  Alex.  W.  Mentions  the  site  of  a  large  buried  village  of  stone 
houses  on  the  mill-site  of  the  Grand  Central  mine,  near  Tombstone, 
Ariz.  In  one  house  were  seven  skeletons,  one  of  which  had  on  the 
wrist  a  bracelet  of  ivory  or  bone  beads.  In  one  of  the  houses  were 
'  found  stone  tools,  mortars,  &c. 

Click,  Thomas  M.  Reports  that  there  are  many  ruins  in  Colorado, 
near  Dolores,  in  La  Plata  County.  The  largest  seen  by  the  writer  is 
situated  on  Animas  Eiver,  in  Taos  County,  New  Mexico.  The  build- 
ings are  in  groups.  Two  of  the  largest  were  five  stories  high,  each 
about  100  to  120  yards  square,  built  of  stone  and  adobe  mortar.  The 
walls  at  the  base  are  3  feet  thick,  with  small  openings  or  windows  6 
feet  above  ground  to  admit  air,  but  not  large  enough  to  allow  a  man 
to  pass  through  them.  The  floors  were  constructed  by  laying  large 
cedar  logs  across  the  wall  for  joists,  and  by  covering  these  with  cedar 
Bplita  and  mud.  The  buildings  stand  in  or  near  the  centre  of  what 
was  a  town  or  village.  The  other  houses  were  much  smaller  aud  built 
of  small  bowlders  and  mud.  There  are  no  cedars  in  the  region  at  pres- 
ent so  long  and  so  large  as  those,  in  the  houses.  Many  remains  of 
cliff-houses  are  found  on  the  blutt's,  some  on  the  Dolores  Biver,  in  La 
Plata  County,  They  are  built  of  sandstone  and  mud.  Pottery,  ar- 
row-heads, corn-cobs,  charcoal,  stone  axes  and  hammers,  and  skele- 
tons have  been  found  in  these  ruins.  The  burying-grounds  are  gen- 
erally laid  out  in  a  regular  manner,  the  bodies  being  placed  with  the 
head  to  the  west.  Two  skeletons  were  unearthed  on  the  Eio  Mancos, 
near  Mancos  P.  O.,  La  Plata  County,  that  were  lying  one  across  the 
other,  with  an  earthen  jar  under  the  head  of  each. 

CoMWAT,  John  W.  Describes  a  visit  to  thL  ^^d  abandoned  pueblo  of 
Cuyamanque,  which  was  one  of  the  first  built  in  New  Mexico.  The 
ruins  are  about  four  miles  below  the  pueblo  of  Teauque,  on  the  west 
bank  of  the  same  river.  This  pueblo  was  destroyed  in  1697,  by  Gen- 
eral Diego  de  Vargas,  Tesuque,  Cuyamanque,  Pojuaque,  Nambe,  San 
Ildefonso,  Santa  Clara,  and  San  Juan  had  raised  an  insurrection,  and 
collected  together  on  a  high  mesa  to  fight  the  Spanish  forces.  They 
were  completely  routed,  being  driven  across  the  Bio  Grande,  either 
to  the  cliff-houses  on  the  west  side  of  the  Ildefonso,  or  over  towards 
the  Navajos  country.  The  pueblos  of  Cuyamanqne,  Pojuaque,  and 
Nambe  were  destroyed  by  General  Vargas.  Twenty  years  afterwards 
the  Indians  were  brought  back  to  their  old  dwellings,  excepting  those 
of  Cuyamanque,  who  were  scattered  among  the  other  pueblos.  Dig- 
ging around  this  rain,  Mr.  Conway  discovered  si>ecimeDS  of  painted 
pottery,  and  stone  implements.  mj  i-ui,  doOQ I C 
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Gushing,  F.  H.  Gives  information  that  aDcieut  excavations,  supposed 
to  be  tarquoiae  and  jade  mines,  near  Zuiii,  N.  Mex.,  turn  out  to  be 
qnarries  of  sacred  paint.  The  principal  source  of  supply  for  these 
precious  stones  lay  across  the  Kio  Grande,  far  north  toward  Santa  F^. 
The  Zuni  myth  to  account  for  those  stones,  as  well  as  for  a  peculiar 
black  bead  which  they  highly  prize,  and  for  salt,  is  as  follows:  Cen- 
turies ago  there  was  a  great  cacique  who  lived  in  the  Sierra  Aznl, 
north  of  San  Mateo.  Wherever  he  urinated,  the  drops  became  beaa- 
tiful  blue  aud  green  stones.  When  the  Zufiis  Acouutea  caiue  to  know 
of  this  they  encamped  so  thickly  around  the  cacique  that  the  stench 
drove  him  away  west  on  the  Zuili  Mountains,  where  he  stopped  to 
make  water;  but  he  was  in  such  haste  that  the  stones  formed  were  not 
pure  chalchiuite.  This  side  the  monntaiu  he  met  the  woman  whose 
urine  was  transformed  into  salt.  He  settled  down  with  her  a  mile  or 
two  east  of  Zuiil;  but  again  fled  in  anger  fty>m  bis  house,  around  which 
the  people  flocked.  This  time  he  went  south  to  the  desert,  and  there 
lived  with  bis  wife,  her  urine  forming  the  lake  of  salt  ("  Salina"),  which 
is  to-day  the  source  of  supply  to  the  Indians.  The  woman  becoming 
angry  with  the  cacique,  drove  him  into  a  cave  in  the  White  Mounting 
of  Arizona,  whence  he  disappeared  forever.  Since  then,  a  strong 
wind  has  blown  from  the  cave  sufficient  to  extinguish  the  torches. 
Nevertheless,  the  people  felt  their  way  in  through  the  darkness,  and 
found  the  precious  stones.  On  this  account  a  part  of  them  were  turned 
black,  and  large  flies  were  caused  to  live  about  the  place  in  summer. 
The  people,  however,  have  persisted  in  going  there,  and  found  among 
other  things  the  discolored  beads  worn  by  the  Znfiis.  At  this  place, 
the  caeique's  urine  was  changed  into  perfectly  finished  and  drilled 
stone,  and  in  that  condition  they  are  still  found.  The  cave  in  ques- 
tion is  like  that  of  Silver  City,  and  identical  in  use  with  the  sacred 
dance  cave  of  Zuni,  where  paraphernalia  are  placed,  and  costly  sacri- 
fices of  chalchiuites  are  now  made. 

DoTER,  Thomas,  Describes  frog  pipe  and  charred  cloth  from  a  mound 
in  Butler  County,  Ohio, 

Eabhaet,  John  S.  Witnessed  the  demolition  of  a  mound  caused  by  the 
construction  of  theCincinnati,Hamilton  and  Dayton  Eailroad,one  mile 
south  of  Post  Town  station,  and  two  miles  north  of  Middletown,  Butler 
County,  Ohio.  The  mound  was  in  the  level  plain  of  the  first  bottom 
land  of  the  Miami  River,  30  feet  in  base  diameter,  and  15  feet  high. 
Two- thirds  of  the  mass  were  removed  3  feet  below  the  original  surface. 
In  the  centre,  rolls  of  textile  fabric  were  found,  varying  from  the  fine- 
ness of  three-ply  carpet  to  the  coarseness  of  a  gunny  bag,  and  pre- 
served in  shape  by  the  moisture  of  the  earth.  These  rolls  were  6 
inches  in  diameter  at  first,  but  were  much  broken  by  removal,  and  in 
coming  in  contact  with  the  air  were  wafted  away  by  the  slightest 
breeze.  Specimens  were  preserved  by  hermetically  sealing  them, 
■while  damp,  between  pieces  of  glass.    A  spear-head,  8  inches  long 
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and  2  inches  iFide,  was  also  unearthed.  On  further  examinatioQ 
among  the  hnrot  clay  and  charcoal,  a  few  bones  of  a  human  hand 
were  recovered. 

Eaton,  D.  H.  Reports  the  coUectiou  of  antiquities  from  Bridgewater, 
Mass. 

Evans,  W.  W.  At  Pompeii,  Italy,  discovered  by  actual  measure- 
ment that  the  gauge  of  the  ancient  chariots  was  nearly  that  of  our 
modern  wagons,  viz,  about  4  feet  9  Inches.  He  also  believes  from 
the  charred  condition  of  window  and  door  jambs  that  Herculaneum 
and  Pompeii  were  overwhelmed  in  about  half  an  hour;  one  by  a  river 
of  lava,  and  the  other  by  a  shower  of  ashes  and  stone. 

Everhaet,  J.  F.  Eeports  a  mound  in  Brash  Creek  Township,  Mus- 
kingum County,  Ohio ;  trees,  apparently  in  rows,  aud  arranged  quia- 
cuncially  were  growing  on  the  mound.  Just  below  the  trees  was  a 
stone  wall.  Across  the  south  end  a  pavement  of  loose  stones  exteuded, 
and  one  of  flagging  occupied  the  middle,  on  which  were  ashes  and 
bones  of  man  and  of  animals.  In  the  mound  were  found  skeletons  of 
great  leugth. 

Habbis,  Geo.  H.  Finds  a  rich  field  of  antiquarian  research  in  the 
ridges  running  through  the  counties  bordering  on  the  south  shore  of 
Lake  Ontario, 

Henderson,  J.  G.  Has  made  excavations  in  Naples  mounds,  Htinois. 
Fall  report  in  preparation. 

Jones,  George  C.  Describes  a  ploughed  field  near  Brookfield  Centre, 
Conn.,  in  which  a  great  number  of  fiint  chips  aud  small  arrow-heads 
of  white  quartz  and  feldspar  were  found.  The  material  from  which 
these  were  made  was  brought  from  a  great  distance.  A  quarter  of  a 
mile  from  this  field  a  mound  15  feet  long,  12  feet  wide,  and  3  feet  high 
was  discovered;  but  on  opening  it,  Mr.  Jones  found  no  remains.  A 
ceremonial  axe  was  dug  up  near  Brookfield,  in  a  swamp. 

Kbene,  Lieut.  L.  M.  Sends  an  arrow-head  from  the  old  French  fort  on 
the  bank  of  the  Beaufort  River,  near  Port  Royal,  8.  C.  This  fort  was 
built  by  the  expedition  that  landed  at  Port  Royal  in  1562,  under  Jean 
Ribault. 

Labmour,  J.  J.  Reports  a  great  many  small  mounds  in  the  neighbor- 
hood of  Battle  Creek,  Michigan;  but  few  contain  any  bones.  Some 
have  been  explored. 

Locke,  W.  M.  Describes  a  group  of  small  mounds  near  MarshaU's  Ferry, 
White  County,  Illinois,  situated  on  the  highest  point  of  land.  The  larg- 
est is  15  feet  high  and  35  to  40  feet  in  base  diameter.  Within  the 
mounds  were  slab  graves,  containing  the  bones  of  children.  Mr.  Locke 
also  found  pots  which  contained  small  human  bones.  In  one  large 
cist  the  remains  of  an  adult  female  were  discovered.  Drawings  of 
pottery  and  reUcs  accompany  the  letter. 

LOTE,  A.  C.  Mentions  a  group  of  unexplored  earthworks  in  Ascension 
Parish,  La.  ,  , 
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Low,  Charles  F.  Reports  upon  the  explorations  at  Madisonville,  Ohio, 
mentioned  by  Br.  Metz,  having  exhnmed  370  skeletons  and  explored 
175  ash-pits. 

Maclean,  J.  P.  MentioDs  several  pieces  of  cloth  from  a  mound  in 
Butler  County,  Ohio. 

Metz,  C.  L.  Reports  the  openiug  of  twenty-five  circular  pits  in  a  ceme- 
tery near  Madisonville,  Ohio,  containing  ashes,  animal  remains,  im- 
plements of  flint,  stone,  and  bone.  The  depth  of  the  pits,  from  4  to  6 
feet ;  the  width,  3  feet ;  the  sides  and  bottom  show  no  evidence  of  fire. 
Some  contain  likewise  large  sherds  of  pottery  and  unio  shells.  The 
contents  are  usually  as  follows :  One  to  three  feet  ashes,  containing 
bone,  flint,  and  some  stone  implemeats,  with  slierds  of  pottery  and 
animal  remains.  Above  this  is  a  heavy  layer  of  clay  loam,  1  to  4  feet 
thick.  None  of  the  implements  show  the  action  of  Are,  many  fine 
bone  awls  having  been  found;  nor  are  the  animal  remains  charred  at 
all.  A  few  burnt  bones  were  probably  thrown  in  with  the  ashes. 
(Detailed  reports,  in  the  Journal  of  the  Cincinnati  Society  of  Natural 
Histoid',  vol.  iii,  pp.  40-68;  128-139;  203-220.) 

MoBGAN,  B.  Describes  the  Des  Moines  Valley  as  rich  in  mounds  and 
relics.  He  has  excavated  more  than  one  hundred  works  in  different 
parts  of  the  State.  From  these  have  been  collected  stone  implements 
and  pottery.  In  some  of  the  works  examined  there  are  indications  of 
great  age.  The  writer,  has  opened  mounds  near  Richland,  Iowa,  meas- 
uring 250  feet  in  base  circumference  and  2  feet  in  height.  At  a  depth 
of  about  20  inches  pottery  was  found,  some  of  the  vessels  very  large 
and  shaped  like  a  common  dinner  pot.  Around  the  rim  frequently 
occurs  a  narrow  band,  divided  into  triangular  spaces,  which  are  filled 
with  parallel  lines  runniag  vertically  and  horizontally  in  the  alternate 
triaugles. 

Palmee,  Edwahd.  Has  forwarded  a  mummy  from  Monterey,  Mex., 
presented  to  the  Smithsonian  Institution  by  Don  Ignacio  Cialerido.  It 
was  procured  froin  a  cave  near  Coyote,  in  Coahuila,  latitude  25°  15', 
longitude  103  west  from  Gr.,  near  the  western  border  of  the  State.  It 
is  encased  in  a  garment  mnch  like  that  of  the  ancient  Peruvians.  In 
the  States  of  Dnrango  and  Chihoahoa,  Mex.,  there  are  said  to  be  caves 
containing  Indian  remains. 

Prime,  Frbdbbick,  Jb.  Describes  a  mound  at  Waynesborough,  Au- 
gusta County,  Virginia,  500  feet  long,  250  feet  wide,  and  40  feet  high, 
close  to  the  Chesapeake  and  Ohio  Railroad,  on  the  south  side,  and  2^ 
miles  west  of  Bockfish  Gap  tunnel. 

RANfiBUBG,  W.  C.  Is  making  a  thorough  survey  of  the  La  Porte  group 
of  mounds  in  Indiana. 

Beddikg,  B.  B.  Mentions  an  obsidian  spear-head,  7  inches  long,  3^ 
inches  wide,  found  beneath  the  drift  and  boulders  which  compose  the 
placer  diggings,  Mr.  Redding  regards  this  implement  as  an  evidence 
of  the  existence  of  pliocene  man  in  California. 
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Beinsch,  a.  Explored  two  mounda  on  Walnut  River,  in  Cowley  County, 
Kansas.  They  are  30  rods  apart,  30  feet  in  diameter,  and  at  preaent 
18  inches  high.  They  were  originally  between  3  and  4  feet  high.  A 
trench  3  feet  wide  was  dug  to  t^e  centre  of  one  of  them.  Bones,  pot- 
sherds, charcoal,  jasper  chips,  and  arrow-points  were  fonnd  at  a  depth 
of  6  feet,  or  attont  4  feet  below  the  surface.  Mr.  Reinsch  also  sends 
drawings  of  implements,  among  them  a  hollowed  grinding-stone  of 
whitish  limestone. 

Robinson,  A.  P.  Sends  a  map  of  Qofiey  Connty,  Kansas,  on  which  are 
marked  the  locations  of  antiquities.  Along  the  summit  of  the  blofi^ 
on  "Wolf  Creek,  many  stone  heaps  are  found,  containing  shells  of  nnioa, 
such  as  now  live  in  the  Heosho  River,  which  is  atpresenta  mile.  away. 
At  the  fbot  of  the  bluf^  by  the  cutting  of  the  Missouri,  Kansas  and 
Texas  Railroad,  many  arrow-heads  were  unearthed.  By  digging  a 
ditch,  what  was  possibly  a  cremation  site  was  passed  through,  and  a 
few  knives  and  arrow-heads  were  found.  The  ashes,  &c.,  were  from 
4  to  5  feet  below  the  surface,  and  over  the  sites  were  growing  oaks  3 
to  i  feet  in  diameter.  In  this  locality  many  Augments  of  pottery 
were  discovered,  but  only  a  slight  investigation  was  made. 

Shippbh,  Edwaed.  Mentions  a  mound  in  Ballard  County,  Kentucky,  I 
mile  from  the  Ohio  Eiver,  irom  which  he  took  437  arrow-heads,  1 
spear-point,  7  flint  axes,  9  pipes,  24  veesek  of  ctay,  and  many  pottery 
fragments.     The  letter  is  aeeompanied  with  drawings  of  implements. 

Spray,  8.  J.  ,  Reports  that  the  region  around  Marysville,  Blount  County, 
Tennessee,  is  rich  in  relics  of  the  Mound-BnilderB. 

Strong,  Lorenzo.  States  that  no  mounds  or  earthworks  occur  near 
Strongville,  Cuyahoga  County,  Ohio.  Stone  implements  are  found 
in  abundance. 

Swan,  James  G.  Sends  to  the  National  Museum  a  carved  seal  club, 
or  tinethl,  as  it  is  called  by  the  Makah  Indians.  This  specimen  wns 
made  by  a  young  Indian  of  the  Clyoquot  tribe,  on  the  west  coast  of 
Vancouver's  Island,  B.  C.  His  name  is  Artlj'u,  or  Benjamin.  He  is 
a  son  of  Cdakanim,  a  chief  of  the  tribe,  and  a  great  grandson  of 
Wikananish,  the  great  chief  mentioned  by  Mears  and  otiier  early 
navigators.  This  young  man  was  one  of  the  party  who  saved  the 
captain  and  crew  of  the  American  bark  General  Cobb,  wrecked  oflF 
Clyoquot  last  winter.  A  photograph  of  Artlyu  was  inclosed  by  Mr, 
Swan,  showing  the  club  before  it  was  painted,  and  a  rattle  in  his  right 
hand,  such  as  is  used  during  the  medicine  dance.  This  club  is  very  in- 
teresting and  very  highly  prized.  It  is  not  intended  for  use  as  a  seal 
clnb,  but  to  be  exhibited  on  ceremonial  or  state  occasions,  as  an  ensign 
of  the  rank  of  the  family.  It*  represents  a  dream  of  old  Wikananish, 
which  was  so  strongly  impressed  on  his  mind  that  he  related  it  as  an 
actual  occurrence.  It  was  believed  by  his  femily,  and  the  legend  has 
been  handed  down  to  the  present  day.  The  story  was  related  by  Ben- 
jamin, as  follows : 
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''  Wikanaolsh  waa  a  great  hnater  of  sea  otter  and  seal;  he  could 
chase  them  into  the  deep  water  and  there  kill  them  with  a  blow  of  his 
clenched  flat.  He  thus  excited  the  auger  of  the  Sheeechee  a  fabulous 
animal,  half  wolf  and  half  fish.  The  head  and  forebody  was  wolf 
{Chuchuhuioxl),  and  the  body  and  tail  were  the  Kowid,  or  Killer,  Orca 
ater  (Cope).  On  one  occasion,  after  he  had  been  pursuing  otters,  he 
came  ashore  tu'ed  and  lay  down  to  sleep.  He  then  dreamed  that  the 
Sheeschee  chased  him  ashore,  but  he  made  his  escape,  and  a  panther, 
iPami,  rushed  on  him,  seizing  both  feet  in  his  mouth,  and  throwing 
him  on  top  of  his  head,  where  he  was  held  by  the  fore  paws  of  the 
animal.  While  iu  this  position  the  Sheeschee  came  up  and  seized  the 
Ncmi  by  the  hind  quarters.  The  Thunder  bird  ( TklnkJaoU)  then  seized 
the  Sheeschee  by  the  tail  with  his  beak  and  grasped  with  his  powerful 
claws  the  fin  and  back  of  the  Killer,  and  spreading  bis  wiugs  flew  off 
■  with  the  whole  party  to  the  mountains,  where  Wikananish  made  his 


He  told  this  dream  so  often  that  he  came  at  last  to  believe  it  to  be  a 
reality.  The  snake  in  the  mouth  of  the  Sheeschee  is  emblematic  of  the 
HaltaJcetoak,  or  producer  of  lightning.  This  animal  is  also  seen  paiuted 
on  each  side  of  the  bull's  body.  The  face  on  t^e  bird's  tail  indicates 
that  it  sees  in  all  directious,  and  the  sun  on  the  bird's  wings  shows 
that  it  is  the  true  bird  of  the  sun,  which  is  looked  on  by  the  coast  tribes 
as  the  visible  symbol  of  the  Great  Spirit.  The  swivel  and  three  links 
of  chain  at  the  top  of  the  handle  of  the  club  represent  a  piece  of  chain 
which  old  Wikananish  procured  from  the  vessel  of  the  Spanish  Com- 
mander Quadra,  and  showed  them  as  a  proof  that  he  was  agreat  chief. 
They  were  scoured  bright,  and  during  the  presentation  of  gifts  after 
a  great  banquet 'they  were  rattled  each  time  a  blanket  was  given  to 
a  guest.  Thisspecimenis  the  finest  carving  which  has  been  seen  here, 
done  by  an  Indian  south  of  Queen  Charlotte  Islands,  and  is  valued  at 
twenty  blankets,  although  the  writer  procured  it  for  as  many  dollars, 
as  a  mark  of  personal  esteem. 

Tayloe,  Wm.  J,  Describes  two  Sew  Eiver  mounds,  in  the  ninth  dis- 
trict of  Berrien  Connty,  Georgia,  on  lot  375, 6  miles  southwest  of  Nash- 
ville. They  are  on  a  dry  sandy  level  near  the  edge  of  the  hammock 
between  a  branch  and  a  creek,  100  yards  from  the  former  and  300  from 
the  latter.  They  were  about  30  feet  in  base  diameter  and  i  feet  high, 
and  contained  only  ashes  and  charcoal. 

Thobn,  H.  T.  Mentions  two  groups  of  mounds  near  Bollag,  Clay  County, 
Minnesota.  One  is  half  a  mile  northeast  of  Prairie  Lake  post-office, 
Bangor,  Otter  Tail  Connty;  the  other  a  mile  and  a  half  sontiieast  of 
Cormorant  liake,  Becker  County.  There  are  two  mounds  iu  each 
group,  but  they  have  not  been  explored.  On  the  authority  of  Mr. 
Ole  Clousen,  rock  paintings  are  met  with  in  Eock  County, 

TiTCOMB,  H.  E.  States  that  at  the  mouth  of  the  South  Platte  Caiion,  on 
the  right  bank  of  the  river,  at  a  distance  of  one  hundred  or  more  yards, 
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is  a  large  stone  about  4J  by  6 J  feet  on  the  upi»er  sorfEM^e.  This  face  is 
concave  and  slopes  at  an  angle  of  12°  to  15°  from  the  horizon.  The 
sor&ce  is  covered  with  flgnres  cat  deep  in  the  rock,  and  a  deep  gutter 
incloses  them  and  runs  out  at  the  lower  edge  and  down  6  ot  8  inches, 
where  is  a  small  hole,  as  though  for  the  insertion  of  a  peg  to  hang  a 
vessel  on.  This  neighborhood  was  at  one  time  the  camping  ground 
of  the  TJtes.  The  stone  is  in  Aceqnia  precinct,  Douglaa  County, 
Colorado,  ou  what  is  known  as  the  Slocom  ranch, 

Whitney,  J.  L.  Writing  from  Eose  Hill,  Ohio,  speaks  of  copper  axes 
and  shell  objects  from  a  mound  half  a  nule  &om  Sharpsborg,  Mer- 
cer County,  Ohio.  Ten  pairs  of  shell  relics  were  found  resembling 
the  bottoms  of  sandals.  The  mounds  at  this  point  are  composed  of 
sand  and  gravel.  A  large  quantity  of  shell  beads,  a  copper  axe,  and 
the  skeleton  of  a  tall  man  were  recovered  from  the  same  mound .  There 
are  several  mounds  at  this  point  composed  of  sand  and  gravel.  The 
largest  contains  a  quantity  of  very  fine  grayish- white  sand,  very  hard, 
and  streaked  with  bands  of  pure  white  sand. 

WiLLiAMSoif,  J.M.  Id  opening  shellmoands  in  Kentucky, foond  hnman 
bones  showing  the  marks  of  teeth  (hamant),  and  many  that  had  been 
split.  Fragments  of  crania  and  jaw  bones  were  seen  mingled  with 
images  and  perforated  shells. 

WiLTHEis,  C.  T.,  of  Piqua,  Ohio.  Describes  and  figures  an  inscribed 
stone,  a  gneiss  bowlder,  with  a  granite  vein  through  it,  weight  13} 
pounds.    The  inscription  is  very  rude. 

Wood,  Rev.  Pbbston.  The  district  lying  north  of  Quincy,  Dl.,  in  the 
confluence  of  the  ZUinois  and  Mississippi  rivers,  sbonnds  in  traces  of 
the  Mound- Builders.  • 

Woodman,  H.  T.  Draws  attention  to  a  very  curiously  shaped  earth 
mound,  unlike  any  heretofore  figured  in  that  State,  about  30  miles 
from  Dubuque,  Iowa.    The  mound  will  be  figured  and  described. 

Wbight,  S.  TTart,  Sends  drawing  and  description  of  a  work  on  Bluff 
Point,  Tatea  County,  New  York,  covering  seven  acres,  and  reticulated 
with  graded  ways. 
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REPORT  OF  A  VISIT  TO  THE  LURAY  CAVERN,  IN  PAGE  COUNTY, 
VIRGINIA,  UNDER  THE  AUSPICES  OF  THE  SMITHSONIAN  IN- 
STITUTION, JULY  13  AND  14,  1880. 


BnriDg  tbe  sammer  of  1880  a  party  was  sent  out  by  the  Smithsouiaa 
iDatitatioD  to  investigato  the  famous  Lniay  Cavern  in  Page  County^ 
Yirginia.  An  invitation  bad  been  extended  by  Mesars.  Campbell  and 
Stebbins,  the  proprietors  of  tbe  cave,  and  Mr.  Bobert  Garrett,  vice- 
president  of  the  Baltimore  and  Ohio  Bailroad,  coorteously  granted  passes 
over  his  road. 

The  party  consisted  of  Wm.  J,  Bhees,  chief  clerk,  Daniel  Leech,  cor- 
responding clerli,  Dr.  Charles  A.  White,  geologist,  Pro£  Charles  Ban, 
archaeologist,  Prof.  Otis  T;  Mason,  ethnologist,  Prof.  Fred.  W.  Taylor^ 
chemist.  Dr.  Elmei'  R,  Eeynolds,  ethnologist,  T.  W.  Smillie,  photog- 
rapher, and  Prof.  J.  H.  Gore,  civil  engineer. 

Leaving  Washington  at  8.35  on  the  morning  of  Jnly  12,  the  totuistSp 
after  passing  Point  of  Kocbs,  Harper's  Ferry,  Charleatown,  Winchester^ 
Strasburg,  and  Woodstock,  all  made  memorable  in  the  late  civil  war^ 
arrived  at  New  Market  at  2.44  p.  m.  Having  selected  quarters  for  the- 
night,  they  made  an  excnrsion  to  the  "Endless  Caverns,"  about  four 
miles  south  of  the  town.  These  caverns  constitute,  together,  a  series 
of  very  pretty  grottoes,  but  no  examination  of  them  was  allowed  by  the- 
proprietors.  Mr.  Smillie,  however,  secured  some  very  fine  negatives  of* 
valley  scenery. 

After  a  night  of  refreshing  sleep,  the  explorers  were  ready  to  mount; 
Burke's  tally-ho  early  the  next  morning  for  a  most  romantic  ride  over 
the  Kassanutton  Mountain  to  Lnray.  Kothing  could  exceed  for  variety 
of  quiet  rural  beauty  the  ever  changing  landscape  revealed  in  the  great 
Shenandoah  Valley  at  each  turn  of  the  winding  ascent.  There  was- 
plenty  of  time,  as  the  stage  lumbered  along,  to  alight  and  walk  leisurely 
behind  in  order  to  look  back  over  the  magniHoent  amphitheatre.  Ar- 
rived at  the  crest,  all  were  ordered  to  mount  to  their  seats  in  order  to 
"  make  time"  down  the  tortuous  eastern  slope  to  the  place  of  destination. 
A  very  picturesque  ford  of  the  east  fork  of  the  Shenandoah  forms  the 
gateway  to  the  lovely  Page  Valley,  having  the  Blue  Eidge  in  the  back- 
ground. 

Four  miles  of  rolling  limestone  road  brought  the  travelers  to  the 

quaint  old  town  of  Luray,  straggling  along  the  turnpike,  and  contain- 
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iug  about  600  inhabitants.  Those  seeking  a  shorter  route  to  the  caverns 
may  now  go  by  rail  directly  to  the  spot  over  the  recently-completed 
Shenandoah  Valley  Railroad.  To  select  quarters  for  the  night,  to  eat  a 
sumptuous  dinner,  and  to  don  their  ohl  clothes,  occupied  the  party  but 
a  short  time,  and  then  all  were  ready  to  mount  the  tally-ho  for  the 
cave,  which  ia  situated  on  the  north  side  of  the  turnpike  about  a  mile 
west  of  the  town.    The  entrance  ia  near  the  sammit  of  a  rolling  hill. 

Before  entering,  the  party  listened  to  an  interesting  account  of  the 
search  for  the  cavern  by  Mr,  Stebbtns,  and,  under  the  instruction  of 
Professor  White,  observed  carefully  its  topographical  and  geological 
environment. 


The  Bine  Bidge  and  Town  of  Lnraj  from  Cave  Hill. 

For  many  years  a  small  cave  has  been  known  in  one  of  the  hills  near 
Luray,  but  it  was  not  until  August,  1878,  that  this  wonderful  freak  of 
nature  was  discovered.  This  was  due  to  the  curiosity  of  Mr.  B.  P.  Steb- 
bins,  a  traveling  photographer,  who  was  convinced  that  the  old  cave  was 
only  a  part  of  other  similar  formations.  After  diligent  search,  numerous 
diggings,  and  considerable  expenditure  of  time  and  money,  with  no  little 
ridicule  from  the  villagers,  he  was  rewarded  by  the  brilliaut  discovery. 
Andrew  J,  Campbell,  of  Luray,  was  the  first  to  enter  the  cave. 

At  this  point  Page  Valley  is  several  miles  wide,  and  is  bordered 
upon  the  east  by  the  Bine  Bidge,  and  upon  the  west  by  the  Massanutton 
Mountain.    The  general  surface  is  considerably  diversified,  and  tbe 
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rock  stratum  out  of  which  the  cavity  has  been  excavated  appears  fre- 
quently on  the  surface  throughout  the  neighborhood.  Ihe  cave,  there- 
fore, is  not  in  the  side  of  a  mountain,  as  mast  of  the  party  had  supposed, 
bat  at  least  four  or  five  mites  from  the  moantain  ranges  on  either  side. 
It  has  no  obvious  relation  with  them,  except  that  its  origin  was  partly 
coincident  with  their  origin,  and  with  the  excavation  of  the  valley  by 
erosion.  Indeed,  it  most  be  remembered  that  this  gnawing  away  of  ma- 
terial haa  produced  not  only  the  valleys,  bat  the  mountains  themselves 
as  they  now  exist,  although  they  have  sach  a  considerable  elevation 
above  the  lowlands. 

The  rooks  throughout  the  whole  of  this  region  have  been  mach  dis- 
placed, having  been  Sexed  into  great  folds,  the  direction  of  which  coin- 
cides with  that  of  the  Appalachian  mountain  range.  In  &ct,  these 
folds  are  a  remnant  of  the  resulfs  of  that  series  of  movements  in  which 
the  whole  system  primarily  originated. 

The  rock  out  of  which  Luray  Cavern  has  been  excavated  is  a  compact, 
bloish  limestone,  not  very  evenly  bedded,  and  weathering  ruggedly  on 
account  of  its  heterogeneous  texture.  The  few  fossils  discovered  Indi- 
cate that  this  limestone  stratum  is  of  Lower  Silurian,  probably  belong- 
ing to  the  Trenton  period. 

The  position  of  the  cave  in  the  middle  of  an  open  valley,  distant  firom 
the  mountains,  and  so  much  below  their  crests,  shows  that  it  was  hollowed 
out  toward  the  close  of  the  epoch  within  which  the  formation  of  the  valley 
took  place.  The  character  of  the  erosion  leads  to  the  conviction  that 
the  excavation  was  effected  subsequently  to  the  formation  of  the  great 
folds  referred  to  above.  It  is  also  plain  that  the  foldings  took  place 
after  the  close  of  the  Carboniferous  period,  because  the  strata  of  that 
period  and  those  of  later  date  are  known  to  have  been  involved. 

It  is  thus  evident  that  the  geological  date  of  the  origination  of  Lnray 
Gave,  although  it  is  carved  out  of  Silurian  hmestone,  is  considerably 
later  than  the  dose  of  the  Carboniferous  period.  None  of  the  facts  yet 
ascertained  warrant  a  more  de&nite  concliision  concerning  the  limits  of 
the  antiqaity  of  the  sonterrain,  and  the  most  recent  epoch  at  which  it 
might  have  been  formed  is  the  Tertiary.  It  is  highly  probable  that  the 
date  of  its  origination  is  not  more  ancient  than  that  of  the  Mammoth 
Cave  or  the  Wyandotte. 

The  history  of  its  production  is,  of  course,  divided  into  two  periods, 
namely,  its  excavation  and  ornamentation.  The  latter  was  wholly  pro- 
daced  after,  and  perhaps  long  after,  the  chasm  was  finished.  The 
cavity  was  wrought  by  the  same  agencies  that  produce  all  such  ^fects 
in  limestone  formations,  namely,  by  the  erosion  and  by  the  dissolving  , 
action  of  water  holding  carbonic  acid  in  solutJon,  and  coursing  through 
previoosly  formed  fissures  in  the  rooks.  These  cavities  gradnally  be- 
come enlarged  into  chahibers  by  the  falling  and  removal  of  loose  mate- 
rial to  lower  levels,  and  even  through  open  outlets  to  the  general  drain- 
age of  the  country. 
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The  ornamentation  of  the  cave,  composed  of  lime  carbonate,  in  the 
form  of  stalactite,  stalagmite,  calcareoos  tafa,  travertine,  cave  pearls, 
calcite  crystals,  &c.,  has  been  produced  by  the  precipitatioD  of  that 
mineral  from  solution  in  wat«r,  formerly  percolating  freely  throagh  the 
crevices  of  the  rock  Tvliich  formed  the  ceiling,  after  the  process  of  hol- 
lowing out  was  completed. 

With  these  preUminary  observations  the  party  equipped  themselves 
for  their  sabt«rraneous  journey  each  with  a  tin  frame  holding  three 
lighted  candles.  The  cold  current  of  air  around  the  mouth  of  the 
abyss  warned  them  that  their  comfort  wonld  be  enhanced  by  a 
heavy  coat  to  enable  them  to  sustaiu  the  shock  of  a  sudden  change 
in  temperature  &om  SG^^  to  56°  Fahrenheit  The  first  descent  is 
down  a  broad  flight  of  square  stone  steps  to  a  landing  50  feet  below 
the  surface.  A  short  walk  along  a  narrow  passage  leads  to  the  vesta- 
bnle,  or  entrance  chamber,  an  irregularly  shaped  room  35  feet  high  and 
nearly  200  feet  in  diameter  in  the  widest  portion,  the  walls  descending 
and  contracting  in  an  erratic  and  picturesqae  munner.  As  this  was 
the  first  cave  experience  of  most  of  the  party,  the  unexpected  magnitude 
of  the  chamber,  the  almost  tangible  darkness,  the  great  variety  of  mas- 
sive and  curious  forms,  the  ghastly  shadows  flitting  about  with  their 
feeble  candles,  filled  up  the  measure  of  expectancy.  Indeed,  had  there 
been  no  rooms  beyond  far  surpassing  this  one  in  every  respect,  all  would 
have  been  perfectly  satisfied.  A  very  remarkable  object  in  this  cham- 
ber is  Washington's  Column,  a  monster  pillar,  nearly  25  feet  in  diameter, 
and  very  handsomely  fluted. 

A  long,  arched,  irregular  space  beyond  the  vestibule,  studded  with 
fungoid  and  stalactites,  has  received  the  name  of  the  Vegetable  Garden, 
from  the  exquisite  varieties  of  the  incrustations.  The  botryoidal  stalac- 
tites excited  the  admiration  of  the  whole  party.  Wandering  through  this 
space,  the  explorers  descended  a  well-built  wooden  staircase  to  Muddy 
Lake,  passing  across  which  over  a  wooden  bridge,  they  were  shown  the 
Bear's  Tracks,  curious  indentations  on  the  tufoceous  covering  of  aledge, 
very  strongly  resembling  the  scratches  made  by  an  animal  holding  oq 
by  it«  claws.  The  next  point  of  interest  is  the  theater — a  suggestive 
title  firom  the  resemblance  to  a  great  audience  hall. 

Ascending  to  the  left  the  parly  came  to  the  Fish  Market.  Here,  on 
the  side  of  a  projecting  wall,  or  series  of  escarpments,  depend  hnndreds 
of  sheet-like  stalactites,  mimicking  most  wonderfiilly  rows  of  fish  ex- 
posed for  sale.  Indeed,  one  has  no  difficulty  abont  the  identification  of 
the  species  of  baas,  perch,  shad,  mackerel,  &c. ;  some  being  gray  all  over, 
others  having  black  ttacks  and  white  bellies,  and  the  illnsion  being  per- 
fected by  a  sufficient  trickling  to  give  a  sUmy,  fishy  appearance  to  the 
objects.  All  pronounced  this  to  be  the  most  curious,  though  not  by  any 
means  the  grandest  and  most  Impressive,  object  in  the  cavern. 

From  the  Fish  Market  the  path  to  the  right  leads  to  the  Elfin  Bamble, 
a  low,  open  chamber,  from  1  to  10  feet  high,  600  feet  long,  and  300  feet 
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in  breadtb.    Crossing  the  Bamble  by  ■  45^ 

travertine  floor  and  the  cave  clay,  the  t' ■  inGl*'^*'  %. 

Chasm,  a  ritt  SOO  feet  long,  70  feet  cW  "^yHi  "  niK>°**    j 

with  lighted  candles  in  fhjnt  of  the-"«»'  ,„oc*»  "    ,-e  ot  P""'' 

Fifty  candles  combine  Ibeir  inefrf""H  *"*io»'*"     factosai' 
they  only  serve  to  indicate  the  "°°  %rtS  """Ti  v>  =*      ,m  datW*. 
awe-inspiring  spot  in  all -^''e'ped^„,»ii4  '       et«*'.?',  „\ooOi.  »?;. 
variety  of  form  and  coin-  Giant  Hall,'  ^^\A  w  ^ipaW  *"  ^e«  "  *° 
dreadful  mystery  lil-'ecian  flnesse  tT.  6«»»>  ^omcs*"*'     „tj,  tic»« 
lowing  the  guide  Anx-S  the  obje;*'       „{  *«"  fpc'^'.^tJi^  '"'"1,1 
riBhtpastthe.-ll  and  Diana's  B^oo»™  TMte  «  8^^,  '""cW*"-    *,te 
chamber.    «>amed  object  attrtie  '»'":^, »»' °°„,  ?««"„, ,aS  » *t 
ano.-.whul  the  pictores  of  /,  in «>»«  %al«.t«*''  ,Y.i*«^„o!tl4»*S 
manneiJiplc  folds  is  deco-^,,  from  *«      4«»«''  iedlW^.^^S^ctet, »  **" 
i  snnnonnted  by  ■»»  *  .  tov>6,  """Ltv  r'*"'"?.,!  of  *«  ^'^rt  gl"** 
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Ou  the  side  of  a  rocky  ledge  by  the  path  leading  to  the  Fish  Market 
is  a  miniatare  lake,  in  which  the  formation  of  calcite  crystals  is  yet 
going  on.  It  is  a  very  beaotifol  object,  the  snow-white  crystals  forming 
a  pleasing  contrast  with  the  brown  color  of  the  smroonding  rock. 


Tbe  Sentinel  aad  Spectre. 

The  Grotto  of  Oberon  is  reached  by  crossing  the  Chasm.  Here  is  a 
diminntive  fountain  surrounded  by  innumerable  stalactites  of  great 
beauty.  Jnst  beyond  Mes  the  Bridal  Chamber,  so  called  on  accoont  of  the 
deUcately  veiled  stalactites  and  stalagmites  occurring  there.    Until  one 
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stalactite  of  varioas  leogtlis,  which,  upon  being  struck,  give  forth  tonea 
of  great  softDcss  and  effect.     The  impression  made  npoD  the  party 
wandering  through  these  dark  abysses,  when  Mr.  Campbell,  without 
previous  warning,  played  a  familiar  air,  will  hardly  be  forgotten. 
There  ia  nothing  more  beautiful  in  the  cave  than  these  scarfs,  shawLSf 
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ooUeotion  of  these  immeDse  stalaotitea  at  this  portjoo  of  the  cavern  re- 
flemblee  a  f^'eat  inverted  forest  of  blasted  tranks.  The  only  spot  in  ell 
the  abyss  where  a  sense  of  danger  and  ntter  helplessness  seises  the  ex- 
plorer is  when  he  stands  beneath  these  magniflcent  stalactites,  weighing 
over  500  tons  each,  held  totheroofonly  by  their  own  cohesion,  and  capa- 
ble of  falling,  as  evidenced  by  the  prostrate  giant  before  him.  This  feel- 
ing qnickly  subsides,  however,  when,  opon  closer  inspection,  he  sees  the 
fluted  sides  of  the  fallen  one  supporting  long  rows  of  secondary  stalactites 
which  indicate  that  perhaps  centuries  have  elapsed  since  the  crash  of  its 
down&ll  Mverberated  through  these  lonely  balls.  Drooping  over  the 
column  to  the  right  is  the  Angel's  Wing,  a  formation  of  alabaster  white- 
ness, nearly  10  feet  high  by  7  wide,  and  flecked  all  over  with  feather-like 
wrinkles.  Truly  one  may  be  pardoned  for  giving  hia  fancy  loose  rein, 
as,  he  here  beholds  in  this  wing  drooping  over  a  fallen  stalactite  an  em- 
blem of  the  flight  of  centuries. 

The  Throne  Boom  and  the  Throne,  Ohapman'e  Lake,  the  Tower  of 
Babel,  and  Katie's  Secret  pass  qnickly  in  review  as  the  path  leads  on 
to  the  Giants  Hall,  the  chefiPceuvre  of  this  fairy  underworld.  On  the 
vei^  of  a  towering  cliff  tiie  beholder  i^ces  this  chamber  of  wonders. 
Stretching  away  to  the  right  is  a  seemlogly  interminable  row  of  prodig- 
ioQS,  glittering  columns.  They  rise  from  out  the  depths  of  shade  and 
are  lost  in  the  overhanging  gloom.  The  magnesium  light  successfully 
combats  these  hosts  of  darkness  and  drives  them  into  the  alcoves  and 
recesses  above,  beneath,  and  on  either  side,  revealing  forms  of  giant 
dimensions,  weird  outline,  and  infinite  variety  of  ornament.  Many  feet 
below  are  the  Chimes, — long  sheeted  stalactites,  which  on  being  vi- 
brated give  forth  a  deep,  tremulous  peal  of  varied  tone. 

The  Empress  Columns,  the  Snltana,  the  Double  Columns,  the  Frozen 
Cascade,  the  Chalcedony  Cascaile,  and  the  Hanging  Bock  being  passed 
and  admired,  the  scene  opens  into  the  Amphitheater,  a  large  high-ceiled 
rotunda  which  bas  been'tightly  floored  and  fitted  up  vith  seats  and 
chandeliers  for  a  ball-room.  Here  on  special  occasions  the  citizens  of 
Luray  assemble  to  "  chase  the  glowing  hours  with  flying  feet.^  Around 
the  amphitheater  are  the  Tombs  of  the  Martyrs,  Cinderella,  and  an  end- 
less number  of  robed  and  spangled  heroes  and  heroines  as  yet  un- 
named. An  ascent  of  two  long  flights  of  stairs  leads  from  this  rotunda 
to  Campbell's  Hall,  an  oblong  chamber,  about  200  feet  in  the  long  di- 
ameter and  50  feet  high.  The  chief  attraction  of  this  room  is  the  rich 
variety  of  coloring  in  the  stalactite,  including  red,  yellow,  black,  white, 
blue,  gray,  brown,  with  an  infinite  number  of  intermediate  shades. 

The  retamiog  path  leads  through  the  Bridal  Chamber,  where  at 
least  one  couple  sought  their  introduction  into  the  mysteries  of  wedded 
love.  Near  at  hand  is  the  hollow  column,  a  cylinder  of  great  size,  which 
rises  fivm  the  floor  and  disappears  through  the  ceiling  as  a  stove-pipe. 
The  column  is  hollow,  as  its  name  implies,  a  stream  of  water  having 
worn  away  the  center,  through  which,  by  means  of  a  rop&  an  ast^Qt  can 
be  made  to  a  chamber  nearly  60  feet  above.  '       <^ 
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Passing  onwaj^  the  visitor  stops  for  a  few  nKHaents  \o  admire  what 
seems  to  be  tbe  retreatiDg  form  of  a  lady  in  fiill  party  toilet.  Her  head 
is  just  hid  by  the  jamb  of  the  distant  dooiwa^;  bat  roanded  shoulders, 
delicate  arms,  shapely  Wfust,  and  long,  flowing  skirt  and  train,  profusely 
'  omameoted,  all  are  there.  Tbe  proprietors  have  named  this  the  Ladies' 
Toilet,  but  some  of  the  Smithsonian  party  suggested  the  title  "  Cinderella 
leaving  the  Ball."  Tbe  path  leads  henee  aeross  Pluto's  Chasm,  by  the 
Bridge  of  Sighs,  to  a  rift  bearing  the  grim  title  of  Skeleton  Gulch. 


Tbe  Grand  Gnlcli  au<l  Geywr. 

Here,  110  feet  below  the  mouth  of  the  Chasm,  in  the  bottom  of  a  uarrow 
trench,  are  thebonesof  what  appears  to  have  been  a  human  being.  The 
vandalism  of  former  visitors  made  the  proprietor  rather  shy  of  the  ex- 
ploring party;  but  as  far  as  could  be  made  out  a  man  or  woman  lost  in 
the  cave  had  wandered  to  the  edge  of  Pluto's  Chasm,  and,  falling  over, 
had  here  become  entombed.  Most  of  the  bones  are  concealed  by  the 
tafaceous  floor  which  has  formed  over  them,  but  protmdiog  through 
and'  above  this  are  to  be  seen  the  head  of  a  femur  with  an  inch  or  two 
of  th£  vertebral  column,  two  or  three  small  pointed  projections  resem- 
bling teettt,  and  a  portion  of  a  third  bone  nndetermined.  It  was  abso- 
lately  impossible  to  gain  any  information  concerning  these  bones  which 
would  be  of  scientific  value. 

The  ground  passed  over  is  only  one-fonrth  of  the  cave  accessible,  with 
but  little  trouble,  to  visitors;  and  yet  tbe  fleetinghours  invite  return  and 
compel  a  speedy  retreat.  i.nj.i-jji-,  doOQ I C 
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It  ia  a  matter  of  profoimd  regret  that  the  peoaliar  combination  of  un- 
toward cireomBtaaoes  precluded,  a  more  scieotj&o  examination  of  the 
Lxuay  Cavern.  It  is  quite  oertaia  that  the  work  eonld  be  thoronglily 
done  with  little  cost  if  the  same  party  could  have  proper  fiiolities  an- 
other season.  The  daze  of  first  impressions  being  oS,  there  woold  be 
no  hindrance  to  genuine  work.  An  electric  light  should  be  used  in 
place  of  the  magnesium  wire,  and  bearings,  distances,  and  elevation 
car^bUy  noted. 

Comparing  this  great  natural  onriostty  with  others  of  the  same  olaas, 
it  ia  safe  to  say  that  there  Is  probably  no  other  cave  in  the  world  more 
completely  and  profUsely  decorated  with  stalactitic  and  stalagmitio 
ornamentation  than  that  at  Lnray.  So  abandant  is  this  decoration  that 
in  only  a  small  portion  of  the  whole  interior  is  unadorned  rock  visible- 
Here  in  this  dark  stndio  of  nature  are  reprodnctions  of  all  those 
ol^eets  which  are  wont  to  011  the  mind  with  pleasure,  wonder,  or  alarm — 
crystal  fountains,  spouting  geysers,  cascades,  flower  gardens,  gems 
which  are  the  crown  jewels  of  nature  set  off  against  a  background  of 
velvet  darkness,  cathedrals  gorgeously  sculptured  and  frescoed,  chimes 
and  deep-toned  organs,  thrones,  spectral  beings,  terrestrial,  celestial, 
apA  infenial---ol^ect8  whose  multiplicity  variety  and  splendor  wonld  ex- 
haost  the  whole  literatnre  of  mythic  and  fairy  lore,  in  providing  names 
for  their  infinite  diversity  of  beauty.  The  indications  are  that  the  work 
was  done  with  comparative  rapidity,  and  the  present  dryness  is  snfS- 
cient  evidence  that  the  process  has  nearly  ceased.  Indeed,  with  the  ex- 
.^eption  of  a  few  spots  where  there  is  a  slight  percolation  of  water  from 
above,  and  a  few  where  the  gathering  into  pools  allows  the  crystalliza- 
tion of  the  salts  of  lime,  the  atmosphere  is  all  too  dry  for  the  deposition 
of  lime  carbonate.  The  cessation  of  the  production  of  stalactites  after 
the  chambers  had  received  their  finishing  touches  was  doubtless  due  to 
a  change  of  condition  of  the  land  in  the  neighborhood,  causing  the  drain- 
ing away  into  deeper  channels  of  the  surface  water.  This  change  prob- 
ably resnlted  from  the  fhrther  deepening  of  the  bed  of  the  neighboring 
stream,  after  the  greater  part  of  the  ornamentation  had  been  completed. 
These  circumstances  indicate  some  degree  of  geological  antiquity  for  the 
Luray  Gavem.  Hence  a  date  as  early  as  the  Tertiary  period  has  been 
suggested,  but  there  is  no  apparent  reason  why  it  may  not  be  supposed 
to  have  originated  in  one  of  the  Mesozoic  periods.  In  any  case  we  may 
safely  assume  that  the  Luray  Cavern  long  antedates  the  pristine  man, 
although  one  of  his  descendants  paid  a  fatal  visit  here  long  before  Mr. 
Stebbins. 

The  obscurity  of  the  aperture  through  which  it  was  discovered  by  its 
present  proprietors  (1878)  would  naturally  suggest  that  its  existence 
conld  not  have  been  previously  known.  The  discovery  of  parts  of  a 
skeleton  of  man  or  of  some  large  vertebrate,  mostly  embedded  in 
tn&ceons  carbonate  of  lime,  at  the  bottom  of  a  chasm,  shows  that  it  was 
at  one  time  of  easier  access ;  indeed,  it  is  affirmed  that  former  owners 
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of  tbe  laud  had  damped  loose  rocks  into  the  apertore  to  preveDt  yoong 
stock  fh>ia  Tandering  in  and  getting  lost.  The  bones  discovered  aie 
doubtless  of  oonsldeiable  haman  antiquity ;  but,  ae  they  are  foand  apon 
one  of  the  fewBpots  in  the  cave  where  the  tn&ceoas  material  is  BtQl 
forming,  it  would  appear  probaUe  that  their  age  may  not  exceed  two 
hnndred  or  three  hundred  years. 

A  few  insects  have  been  fonnd  in  Lnray  Gave,  bnt  a  thorough  esami- 
natioa  with  a  view  to  collecting  its  fauna  could  not  be  made  in  the  short 
stay  allowed  the  Smithsonian  party.  No  streams  or  pools  of  water  have 
as  yet  been  found  in  which  an  aqueous  &uua  might  exist,  and  from  pres- 
ent indications  it  is  likely  that  the  variety  of  animal  lifb  will  prove  to  be 
very  limited.  At  present  a  few  spiders,  flies,  and  one  myriapod  are 
known.  An  account  of  the  former  will  appear  in  the  American  Natur- 
alUt,  fi?om  the  pen  of  the  editor.  Dr.  A.  S.  Packard,  jr.  The  myriapod 
has  been  described  in  volume  iii,  p.  S24,  of  the  Proceedings  of  the  Na- 
tional Museum  by  Mr.  J.  A.  Byder  and  named  zygonopus  wMtei  in  honor 
of  Dr.  C.  A.  White. 

The  vegetable  growth  is  far  more  limited  in  extent.  The  proprietors 
have  been  compelled  to  form  the  walks  and  balustrades,  through  the 
cave,  of  green  planks,  la  several  places  the  white  mold  bangs  from  the 
under  side  of  these  planks  in  long  graceM  festoons,  not  unlike  the  moss 
upon  the  cypress  trees  of  the  Soath. 

The  party  were  greatly  pleased  with  the  courtesies  received  at  the 
hands  of  the  proprietors  of  the  caverns,  the  citizen  of  Lnray,  and  the 
Baltimore  and  Ohio  Railroad  Company,  and  only  regret  that  their  limited 
time  aud  opportunities  prevented  their  making  a  thorough  scientific  ex- 
ploration. 

The  Institution  is  indebted  to  Mr.  McDowell,  treasurer  of  the  Sheuan- 
doab  Valley  Bailroad,  for  the  use  of  the  illustrations  in  this  article. 
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DISCnSSION  OF  THE  BAROMETRIC  OBSERVATIONS  OF  PROF.  E.  S. 
SNELU  (AMHERST  COLLEGE). 


Bt  Prof.  F.  H.  Loni>,  or  Coloruio  Collbqe. 


The  meteorological  register  of  Ambeist  College  was  began  ia  1835 
by  tbe  late  Prof.  E.  S.  Snell,  and  coDsisted  for  the  first  year  of  a'mere 
register  of  storms,  to  which  dally  observations  of  the  thermometer  and 
wind  were  added  in  1836.  Barometric  observations  were  also  begnn  in 
November,  1336,  bnt  the  instrument  employed  for  the  first  fifteen  years 
was  of  inferior  accuracy,  and  the  observations  were  not  corrected  for 
capacity  nor  for  temperature.  With  the  beginning  of  the  year  1852, 
new  instruments  by  James  Green — a  barometer,  thermometer,  and  psy- 
chrometer — were  famished  by  the  Smithsonian  Institution,  and  in  1854 
the  uDiform  hours  of  observation  recommended  by  the  Institution  were 
introduced.  The  thermometer  previously  in  use  was  at  the  same  time 
tested  and  approved  by  Professor  Gtuyot.  From  that  time  to  the  present 
the  same  instruments,  with  the  exception  of  one  bulb  of  the  psychrom- 
eter,  have  been  in  use  in  the  same  positions ;  and,  together  with  gauges 
for  rain  and  snow,  they  comprise  all  the  instruments  used  in  the  daily 
observations.  From  the  same  time  the  hours  of  observation  have  re- 
mained nnchanged,  viz,  7  a.  m.  and  2  and  9  p.  m.  The  series  of  twenty- 
five  years  of  observations,  from  1854  to"  1878,  is  therefore  as  nearly  as 
possible  homogeneous  throughout,  and  it  is  scarcely  less  so  in  respect 
of  the  observers  who  have  been  engaged  upon  it,  for  few  of  the  observa- 
tions have  been  made  by  others  than  Professor  9nell  and  one  or  two 
members  of  his  family.  His  well-known  scrupulous  accuracy  is  there- 
fore characteristic  of  the  whole  work.  In  1858  five  months  of  observa- 
tion were  mad3  by  the  tutor  iu  mathematics  (now  Rev.  n.  8.  Kelsey,  of 
New  Haven)  at  his  room  in  North  College,  the  only  instance  of  a  removal 
of  the  instruments ;  but  before  the  barometer  observations  made  during 
this  interval  were  incorporated  with  the  others  in  the  present  reduction 
they  were  corrected  for  difference  of  level,  no  such  correction  having  been 
made  at  the  time. 

Amherst  is  situated  in  latitude  42©  22',  longitude  72°  SC  W.  The 
elevation  of  the  barometer-cistern  above  the  level  of  the  sea  was  deter- 
mined by  Professor  Guyot  at  267  feet,  and  this  computation  has  been 
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verifiecl  by  leveling  ftotn  tiie  track  of  the  New  London  Northern  Bail- 
road,  tlie  height  thaa  dodaced  being  266.6  feet.  The  readings  of  the 
barometer  have  never  been  corrected  for  elevation,  bnt  represent  the 
actnal  pressure  at  Amherst  in  inches  of  mercary  at  32^  Fahr. 

In  regard  to  the  ductoation  of  atmospheric  pressnre,  the  observations 
at  Amherst  may  probably  be  regarded  as  fiiirly  representative  of  Kew 
England  and  the  adjacent  portion  of  Sew  York.  In  confirmation  of 
this  opinion,  the  figures  at  the  foot  of  this  page  are  cited  tcom  a  pam- 
phlet of  "  Meteorological  Researches  for  the  use  iff  the  Coast  Pilot," 
pablished  in  1877  by  the  TTnited  States  Coast  Survey.  They  are  tiie  co- 
efBcients  of  BesseVs  i>eriodio  function,  nuder  a  modified  form,  in  which 
ci  represents  the  valne  which  f,  the  time-angle,  has  at  the  maximum  of 
the  annoal  inequality,  and  t,  is  the  value  of  2^  at  the  maximum  of  the 
semi-annual  ineqnality.  The  coefficients  Bo,  Bi,  Bs  are  expressed  in  mil- 
limeters. The  places  named  in  the  first  column  are  all  those  within  the 
above-named  region  which  are  embraced  in  the  tables  of  the  pamphlet 
(pp.  33,  34).  The  data  tcom  which  the  numbers  in  the  first  seven 
lines  were  computed  were  originally  published  in  1861  by  the  Smith- 
sonian Institution  ("  Besults  of  Meteorological  Observations,  1854-'B9'') ; 
tiiose  in  the  seven  following  lines  were  derived  &om  the  Reports  of  the 
Chief  Signal  Officer,  1872-1876.  The  tatter  are  rednced  to  sea-level; 
the  former  are  not.  None  of  the  foorteen  are  based  upon  more  than  six 
years'  observations.  The  values  given  separately  for  Amherst,  below  the 
rest,  are  taken  from  the  present  reduction  of  the  twenty-five-year  series, 
and  it  will  be  seen  that  except  in  the  value  of  cj  they  agree  well  with  the 
mean  of  all  the  others.  This  angle  t,  appears  &om  the  given  values  to 
be  very  variable  when  a  comparison  is  made  of  different  places,  or  even 
of  the  same  place  in  different  short  series  of  years,  a  circumstance, 
doabtless,  connected  with  the  &ct  that,  as  appears  fi?om  the  present 
redaction  of  the  Amherst  observations,  the  coefficient  B,  of  the  term 
Bj  cos  (2y — t,)  is  less  than  that  of  the  following  term  in  3s»,— of  which 
term  no  account  is  made  in  the  pamphlet. 
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ANNUAL  FLUCTUATION  OP   ATMOSPHBRIO  PRESSUBE. 

In  order  to  deduce  the  annual  march  of  atmospheric  pressare  with  as 
much  accuracy  as  the  Amherst  tweDty-five-year  series  renders  possible, 
the  first  step  hoa  been  to  derive  the  coefficients  of  Bessel's  periodic  func- 
tion from  the  given  monthly  means.  These,  as  given  in  the  records, 
were  of  course  originally  derived  from  the  daily  means,  and  these  last 
are  simply  the  third  part  of  the  sum  of  the  three  daily  observations,  no 
additional  weight  being  given  to  the  evening  observation.  In  the  re- 
daction of  the  barometric  observations  no  correction  for  hours  of  observa- 
tion has  been  attempted,  but  a  correction  for  the  unequal  length  of  the 
calendar  months  was  made  in  the  manner  presented  by  Mr.  E.  L.  De 
Forest,  and  quoted  on  page  170  of  Mr.  Charles  Schott's  paper  on  tem- 
perature {Smitkson.  Cont.,  vol.  XXI).  The  monthly  means  thus  corrected 
are  as  follows :  * 


Jannary 89.7742 

February 29.7351 

March 29.6717 

April 29.6776 

May 29.6588 

Jnne 29.6815 


July 29.7065 

AugDBt 29.7257 

September 29.7968 

October 89.7500 

November 29.7071 

December 29,7626 


The  form  of  the  Ainction  derived  in  this  preliminary  compntation  is 
the  following: 

P  =  29.72O7+.0467  sin  {0+I42o20')+,0227  sin  (2e+I0o34')+.0241  sin 
(3ff+44o41')+-0139  sin  {4(?+92a44')- 

From  this  formula  a  table  of  normal  pressure  for  every  day  of  the 
year  was  prepared,  the  value  of  P  being  computed  directly  from  the 
formula  for  March  Ist,  and  every  tenth  day  thereafter  to  Angnst  l^tb; 
also  for  September  Ist  and  every  tenth  day  to  February  28th.  The 
values  for  the  intermediate  days  were  then  obtained  by  interpolation, 
using  second  differences,  except  a  few  days  at  critical  epochs,  the  values 
for  which  were  again  computed  from  the  formula.  The  table  of  normal 
pressures  thus  deduced  is  as  follows,  the  integral  part  of  each  value  in 
this  and  succeeding  tables  of  barometric  pressures  being  omitted  for 

*  The  amount  of  this  correction  for  length  of  months  may  be  seen  by  contpariDg  the 
means  here  given  with  those  appended  to  Table  I  io  the  line  headed  "  Means  from  Rec- 
ord." I  did  not  think  it  neceasar;  to  verify  the  work  of  Professor  Snell  in  obtaining 
the  means  of  the  single  months  finun  the  daily  means  or  the  latter  teota  the  obaerTed 
heights,  espeoiaUy  as  the  formula  resalting  from  the  present  compatal ion  isasedonly 
to  direct  the  snbeequeitt  work.  A  separate  determination  of  the  mean  monthly  pres- 
sures, indepeadest  of  the  recorded  monthly  means,  occurs  at  the  end  of  Table  II. 
Since  my  work  was  completed,  however,  I  have  received  trota  H.  A.  Hazen,  M.  A.,  a 
list  of  trroiB  in  the  recorded  monthly  means  which  he  has  discovered  in  examining 
Professor  Snell's  work.  Uaking  allowanoe  for  these  errors  the  mean  monthly  pres- 
snres,  nncorrected  for  nneqnal  lengths  of  the  months,  are  as  given  in  the  last  line  of 
Table  I,  "Means  from  corrected  record."  InTable  VI(theonly  remainingpart  of  my 
work  which  is  derived  &om  the  recorded  monthly  means)  I  have  sabstitnted  Mi. 
Hazeu's  det«nninations  wherever  he  has  fonnd  those  of  Professor  Snell  erroneons. 
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brevitj',  as  it  is  in  every  case  29  inclies.  The  compatatioD  was  ex- 
tended to  foar  places  of  decimals,  tboagh  it  has  been  tboaght  unneces- 
sary  to  give  more  than  three. 

Table  I. 
Atmotplierio  preuure  for  aiwjr  Hag  in  the  year— from  AeperiodUi  /uhoMom. 


Say  of  the  month. 
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Mesas   troia    ooneoted 

+67 

-110 

+122 

-M 

-HS 

+18 
0822 

.». 

+101 

-133 

+17 

+60 

-01 

It  here  appears  that  the  extremes  of  tbe  annual  fluctuation  are  the 
maximum  29.7902  on  the  day  of  the  autumnal  equinox,  with  the  mini- 
mum 29,6612  on  May  10,  while  a  subordinate  wave  occurs  in  the  begin- 
ning of  the  decline  from  tbe  September  maximum,  reaching  a  minimum 
value  of  29.7066  in  the  middle  of  November,  with  a  subsequent  rise  to 
29,7877  on  the  8th  of  January. 

The  most  marked  deviation  between  the  monthly  means  of  the  com- 
puted normal  values  and  the  means  which  were  the  basis  of  computa- 
tion, aside  from  those  which  are  due  to  maxima  or  minima  already  ex- 
posed, is  found  in  the  months  of  March  and  April ;  and  this  is  due  to  a 
deviation  from  the  regular  progress  occurring  in  the  end  of  March, 
whish  will  be  noticed  hereafter  in  it?  proper  place. 

It  is  well  known  that  the  accidental  barometric  oscillations  have  a 
greater  range  in  tbe  winter  than  in  the  snmmer  months,  and  for  tbe 
purpose  of  obtaining  a  quantitative  determiuatioa  of  the  normal  degree 
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of  this  atmospheric  disturbance  in  every  part  of  the  year,  as  well  as  a 
more  accurate  account  of  the  annaal  fluctxiatioQ  of  pressure,  the  daily 
means  of  the  harooieter  for  the  twenty-five  years  were  next  aiT»iged 
OQcter  each  day  of  the  year  in  two  columns,  one  colnmn  coDtaining 
those  means  which  exceed  the  normal  value  for  the  pfuiacolar  day  in 
question,  derived  from  Table  I,  the  other  column  containing  the  means 
for  like-named  days  in  the  remaining  years,  all  falling  below  the  com- 
puted normal  value.  Each  colomn  having  been  added,  the  difference 
between  its  sum  and  the  product  of  the  normal  value  by  the  number  of 
means  in  that  column  was  found.  Then  if  d  and  d'  represent  these  differ- 
ences, ;N  Che  normal  value,  and  n  the  number  of  means  in  both  columns 
taken  together,  (twenty-five,  except  when  an  omission  occurred,)  -J^ — . 
ja  the  mean  of  the  departuret  of  the  daily  means  from  the  normal  value  for 
that  day  of  the  year,  and  lS-{ — ^^-~  eqnal  to  -th  of  the  sum  of  tlie  two 

colamns,  is  the  mean  pressure  for  the  same  day.   The  mean  pressnres  for 
every  day  of  the  year,  thus  deduced,  are  as  follows: 
Table  II. 
AiKU^h«riopit»iKre/oT  ecerg  iag  i»  tlu  year— direetlji  from  ^AtenmSoiu, 
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so  short  a  series  as  twenty-five  years,  the 
ble  are  Sax  &om  escaping  the  effect  of  acci- 
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dental  variatioiis,  bat  we  may  attempt  to  eliminate  that  effect  by  com- 
bining them  ia  groups.  The  following  are  the  meaa  valnes  of  atmos- 
pheric pressure  ia  tea-thousandths  of  an  inch,  obtained  directly  from 
Table  II,  for  thirty-six  equal  periods  of  10.15  days  each,  beginning  with 
January  0  and  embcaciog  the  entire  year.  (The  integral  part,  29  inches, 
is  omitted  as  before :) 

Table  III. 

7018 


.  6714 

.  erii 

.  6774 


.  7456 
.  7273 
.  7748 
.  73H 
.  7088 
.  6692 
.  7171 
.  TBTS 
.  7788 


19 fi 

In  this  series  few  oscillations  appear  beyond  the  two  principal  ones 
already  noted.  Beginning  with  the  yearly  minimnm  on  May  10th, 
which  foils  in  the  thirteenth  period,  the  rise  to  the  September  maximnm, 
in  the  twenty-seventh,  appears  to  be  broken  by  a  depression  culminating 
in  the  twentieth  period  (abont  Jnly  17),  and  in  like  manner  the  fall 
thence  to  the  November  minimum  is  checked  by  a  subordinate  maximmu 
in  the  end  of  October,  the  thirtieth  period.  The  only  remaining  note- 
worthy departure  from  the  normal  value  is  more  marked  than  either  of 
the  preceding,  and  consists  of  a  depression  in  the  ninth  period — the  ten 
days  following  the  vernal  equinox — which  appears  to  amount  to  a  true 
eqiunoctial  storm.  Thus  each  of  the  two  equinoxes  is  a  definite  baro- 
metric epoch,  though  they  are  marked  by  opposite  characteristics. 

A  tendency  is  apparent  in  one  or  botii  of  the  periods  a^acent  to  a 
maximum  or  minimam  to  depart  from  the  normal  values  in  an  opposite 
direction,  so  that  the  gradual  approach  to  the  critical  value,  on  the  part 
of  the  more  distaat  periods,  appears  to  colmiaate  ten  or  flfteea  days 
from  the  true  epoch,  and  a  dovi>le  TnttTimum  or  minimum  is  the  result. 
Examples  may  be  noticed  in  the  fourteenth  period,  immediately  follow- 
ing the  yearly  minimnm  in  May,  while  a  double  maximum  occurs  in 
September ;  also,  in  the  case  of  minor  oscillations,  the  minima  in  March 
and  July  are  each  followed  by  a  single  period  of  high  barometer,  and 
the  January  maximum  is  both  preceded  S'Qd  followed  by  single  periods 
slightly  lower  than  those  adjacent  to  them.  The  phenomenc'ii  appears 
suspicious,  as  though  due  to  accidental  variations,  yet  some  groubd  for 
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a  contrary  opinion  may  be  derived  by  examining  the  deviation  of  each 
period  {rom  the  normfd  presBore. 

As  will  presently  be  shown,  the  probable  error  of  one  of  the  values  in 
Table  III  is  a  variable  quantity,  having  for  its  mean  value  0.0095,  while 
at  its  maximnm  it  is  about  0.0122  and  at  its  minimiim  0.0058.  If  now 
we  compute  a  value  for  the  middle  day  of  each  period  from  the  periodic 
function,  in  the  same  way  as  Table  I,  but  to  four  places  (which  may  be 
regarded  as  representing  accurately  enough  for  the  present  purpose  the 
normal  value  of  pressure  for  the  period,  aside  from  the  irregularities  now 
under  discussion),  these  normal  values,  subtracted  from  the  successive 
values  of  Tables  III,  will  leave  the  following  residuals: 


.0131 
.0012 
.0081 
.0018 
.0081 
.0510 
.0317 
.0041 
.0040 


.0180 
.0072 

.0104 


.0421 
.02K( 
.0016 
.0148 
.0159 


It  here  appears  that  the  periods  following  the  If  arch  and  May  minima 
and  the  January  maximum  deviate  tmm  the  normal  value  in  the  oppo- 
site direction  from  the  adjacent  critical  value,  and  to  an  amount 
exceeding  the  estimated  probable  error  for  the  time  of  year,  while  the 
periods  preceding  the  January  and  September  maxima  appear  to  be 
normal,  the  double  maximnm  in  these  cases  being  produced  by  a  rela- 
tively high  value  of  the  i>eriod  in  which  the  anticipatory  subordinate 
masimnm  occurs,  rather  than  by  a  relatively  low  valne  in  the  period 
separating  it  from  the  tme  maximum.  The  effect  of  the  disturbance  in 
March-April  appears  to  be  confined  to  the  ninth  and  tenth  periods,  and 
it  produces  that  divergence  of  the  computed  and  observed  means  for  the 
two  months,  previously  noticed  in  connection  with  Table  L 

The  division  of  the  year  into  thirty-six  equal  periods,  in  Table  III, 
gives  the  opportunity  for  a  reoomputation  of  Bessell's  periodic  function. 
The  following  are  the  coefficients  of  ten  terms,  based  upon  the  thirty-six 
periodic  means.  The  first  five  or  six  terms  may  be  regarded  as  replac- 
ing by  more  accurate  values  the  formula  previously  derived,  and  fh>m 
whidi  Table  I  was  computed ;  the  concluiUng  terms  are,  perhaps,  chiefly 
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interesting  as  showing  the  impracticability  of  obtaining  actual  oonver- 
gQuce  irom  a  series  of  observations  do  longer  tJian  the  present : 

B,  =  29.7194 

B,=   0.0480  Bi  =  .0128  Bt=.013S 

B,  =     .0210  Bs  =  .0028  Bg  =  .0059 

Bj  =     .0271  B,  =  .0090  B,  =  .0116 
The  corresponding  angles  are  as  follows : 

^1  =  141©   3'  ^i=   890  56'  ft  =  1390    0' 

ft=      7    40  ft=     6      8  A  =  186    12 

A=:    46    60  ft  =  104   26  ^^  =  242    30. 

Mr.  E.  L.  De  Forest,  in  the  Awdyat  for  Jnly,  1877,  refers  to  a  previons 
paper  of  his  own  in  which  he  has  pointed  ont  a  simple  test  of  tjie  accu- 
racy of  the  adjustment  of  a  series  of  valaes  subject  to  accidental  variatioQ. 
The  test  quoted  is  in  substance  as  follows :  If  the  original  (observed) 
values  be  subtracted  firom  the  adjusted  valnes,  term  by  term,  the  resnlt 
is  the  series  of  residual  errors.  If  the  terms  of  this  series  be  pointed 
off  into  groups,  by  inserting  a  point  of  division  at  every  change  of  sign, 
the  most  probable  number  of  terms  occnrring  in  groaps  of  three  or  more 
is  J  ITi  .633  ifS;  where  K  d^iotes  the  whole  namber  of  terms  of  the 
series,  and  the  expression  following  the  sign  ±  is  the  probable  error. 
If  the  number  of  terms  occnrring  in  sach  groups  falls  short  of  ^  K  by 
more  than  the  probable  error,  the  inference  is  that  the  inequalities  of  the 
series  have  not  been  smoothed  out  enough;  but  if  it  exceed  J  N  by  more 
than  the  probable  error,  the  series  has  been  smoothed  too  much.  From 
the  nature  of  the  periodic  function,  the  adjustment  effected  by  it  would 
be  expected  to  err  (if  at  all)  in  the  latter  of  these  two  directions.  In 
fact,  when  a  series  of  residoals  is  formed  by  subtracting  the  terms  of 
Table  II  successively  from  the  corresponding  terms  of  Table  I,  the 
number  of  terms  or  signs  occurring  in  groups  of  three  or  more  exceeds 
half  the  whole  number  of  terms  by  79,  while  the  probable  error,  .533  V36tt, 
is  only  10.3.  Though  a  closer  approximation  to  a  perfect  adjustment 
might  probably  be  derived  by  the  use  of  the  more  exact  coefficients  just 
obtained,  it  seems  preferable,  for  the  purposes  of  comparison,  to  use  a 
different  process  of  adjustment,  and  hence  the  method  of  successive 
means  has  been  employed.  The  arithmetical  means  between  eadi  term 
of  the  series  of  Table  n  and  the  next  succeeding  term  form  the  first 
order  of  means,  the  second  is  derived  in  the  same  way  ttova  the  first, 
and  so  on  until  the  tenth  order  of  means  is  obtained,  which  constitntes 
Table  IV. 


it,  Google 


DISCUSSION  OP  BAEOMETEIC   OBSEEVATIONS. 

Table  IV. 

Competed  normdl  pre»»wre  for  tveiy  day  in  l^eyear. 

(Tenth  aider  otmema  from  Table  n.] 


Ztejot  the  month. 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

i 
1 

1 

1 

™+ 

791 

aw 

81B 
TN 

ita 

7« 
782+ 

S+ 

788+ 

748 
732+ 

7W 

7«+ 

7S8 

75a+ 

777 

i+ 

SOT 
«8I 

e85 

708 
^+ 

it 

ss» 

682 

7«e 

1 

688 

685 

658 

6« 

e2i 

612 

808+ 

Er 

702 

887+ 
AH 
886 

ass 

8M 

611+ 

672 
W6 

TIB 

M»+ 
668 
862+ 
860+ 

658 
687 

683 

782+ 

788+ 

788 

809 

807 

897+ 

705 
706 

OM 

7U 

706 

703+ 

699 
690+ 

7*6+ 
748+ 
746^ 

745+ 
745+ 
746+ 

7H 

729 

re6+ 

750 

706 

820 
826 

a 

it 

807 
787 

778+ 
803 

St 

700 

774+ 

790 

T6S 

Z^+ 
729 

764 

780+ 
7B1+ 

720+ 

728+ 

7B8 

752+ 

?r 

748 
7*7+ 

746 

;s+ 

754 

767+ 
7*7 

714 

716+ 

728 
708 
688+ 
68* 
6BS 

689 

BS7 
884+ 

«a 

877+ 
667 
852 
6*6 

723+ 

(778    ;  S77+ 

796+ 

S68 
(B8+ 
668+ 

s+ 

690 
689 
681 
6W 

em 

706 
708+ 

882 
668+ 

S59 

w 

707 

896 
897 

ess 
eta 
e»7 

Ml 

020 

fl24+ 
082 

769+ 

On  applying  the  test  of  Mr.  De  Forest  to  this  aeries  the  total  number 
of  signs  occoring  in  gronps  of  three  or  moie  is  fonnd  to  be  less  than  half 
tiie  whole  number  of  t^nus  by  18 — a  difference  mnch  less  than  that  of 
Table  I,  though  nearly  doable  the  probable  difference  of  a  perfect 
adjustment. 

In  respect  to  the  treatment  of  the  29tb  of  February,  this  table  is  loss 
accarato  tliaa  the  others ;  for  the  pressare  for  that  date,  as  derived  from 
Table  II,  should  in  strictness  have  been  allowed  only  one-fourth  of  the 
veight  of  tlie  other  values ;  but  as  such  a  discrimination  could  not  con- 
veniently be  made  in  the  computation,  the  29th  was  treated  precisely 
libe  the  adjacent  dates.  In  all  the  other  tables  due  allowance  is  made 
for  the  pecnliarity  of  that  date, 

The  sign  -t-  appended  to  numbers  in  Table  IV  Indicates  a  fractdon  be- 
tween -^  and  y^.  Smaller  fractions  are  disregarded,  and  for  larger  ones 
the  third  figure  is  increased  by  1. 

MBAK  DBPABTDRB  FEOM  MOttMAL  VALUE,  AND  PBOBABUB  EEBOB. 

In  describing  the  method  of  deriving  the  numbers  which  constitute 
Table  II  it  was  ehowD  that  for  each  day  of  the  year,  along  with  the 
mean  pressure,  anotlier  number  was  deduced,  which  was  'saOfiA  i*  the 
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mean  of  the  departures  of  the  daily  means  from  the  normal  value."  The 
series  of  the  mean  departures  thos  obtained  is  as  follows,  iu  thousands 
of  an  inch  of  mercury : 


Meant  of  the  Departttre*  of  Daily  Meow  from  Nomtal  Value. 


Daj  of  the  month. 

1 

1 

1 

t 

< 

i 

1 

1 

1 

. 

1 

I 

236 
232 

174 

22S 
2H 

223 
342 

3S» 

1S2 

2!I7 

255 

24a 

2se 

S2» 
255 

197 

270 

21B 

eee 
2»e 

2M 

IM 

22B 
148 

S 

263 

223 

2Si 
251 

2BS 

213 
192 

2il 

187 
205 

22B 
208 

1«7 
2OT 

s 

i 

i 

249 

m 
m 

EM 
231 

ITl 

172 

1 
1 

177 
186 
138 

m 

m 

IBB 
145 

151 

185 
135 

IM 

15S 

134 

127 

129 

m 

78 

44 

68 

13 
06 

090 
07 

126 

101 
148 

095 
100 

125 

084 
093 
069 
092 
068 

089 

118 
134 

152 

103 
081 
087 

084 
114 

1 

100 

11 

13 

13 
126 

40 
24 

139 

0« 

181 
126 

59 

62 
18 

156 

52 
33 

130 
15 

54 

190 

193 

SB 

IBS 
67 

73 

03 
11 

40 
62 
72 

72 
61 
230 
2M 
249 
07 
227 
347 

248 

188 

i 

180 
306 

a 

303 
381 

i 

205 

^ 
203 
237 
320 
171 

320 
283 

2251 

K 

208» 

1853 

™ 

3.894 
ISftS 

3.288 

1.718 

4.2U 

"l^  l"Z 

7040 

An  inspection  of  this  table  shows  a  marked  annual  variation.  To 
exhibit  its  law,  the  monthly  means  at  the  foot  of  the  table  were  first 
corrected  for  the  unequal  length  of  the  months,  and  then  used  to  com- 
pute coefficients  for  Bessel's  periodic  function.  The  resulting  formula 
is  the  following : 

D  =0.1775+. 0607  8in  (ff+76o.l)+.0094  sin  (2fl+218o.O) 
+.0036  sin  (3fl+276o.6)+.0016  sin  (4fl+269o.6.} 

The  coefBcients  of  the  five  terms  here  given  exhibit  a  more  satisfy 
tory  convergence  than  any  five  saccessive  terms  in  the  formula  for  the 
annual  fluotaation  of  pressure,  and  indicate  that  the  function  in  ques- 
tion— ^the  amount  of  atmospheric  disturbance — ^is  entitled  to  considera- 
tion as  a  meteorological  element  governed  by  a  simple  law  of  change. 
By  differentiating  the  formula  the  function  is  found  to  have  two  nearly 
equal  maxima  on  December  11  and  Februaty  4,  of  which  the  latter  is 
the  higher,  their  respective  values  being  0.2261  and  0.2275.    Between 
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these  points  the  curve  maiatains  a  nearly  aniform  height,  having  its 
minimnm  on  January  1,  when  the  valne  is  0.2251.  The  minimum  for 
the  year  is  0.1089  on  July  23. 

Besides  its  slgniflcance  as  an  Independent  meteorological  element,  the 
fiinction  may  also  be  regarded  in  its  relation  to  the  probahle  error  of 
the  numbers  composing  Tables  II,  III,  and  IV.  Referring  to  the  method 
by  which  the  mean  departures  were  compated  it  will  be  seen  that  as  the 
number  of  dally  means  in  excess  of  normal  value  varies  but  little  &om 
the  number  in  defect,  the  inaccuracy  of  the  normal  value  of  pressure  as 
derived  from  Table  I  must  be  too  slight  to  affect  appreciably  the  result- 
ing formula  for  mean  departure;  hence  this  mean  departure  maybe 
regarded  as  identical  with  the  mean  of  the  errors  of  single  daily  means, 
regarded  as  measurements  of  the  true  normal  presaore.  The  "  mean 
error"  will  then  be  found'by  multiplying  the  mean  departure  by  the 
constant  1.2533,  or  the  probable  error  by  multiplying  it  by  0.S453.  Ap- 
plying the  latter  factor  to  the  extreme  and  mean  values  of  the  function 
it  appears  that  the  probable  error  of  a  single  daily  mean  is  ±0.1923  on 
February  i,  ±0.09205  on  July  23,  and  has  a  mean  value  of  ±0.1500.  If 
no  daily  means  had  been  omitted  in  the  records  each  of  the  numbers  in 
Table  II  would  have  been  derived  from  twenty-five  daily  means,  and  its 
probable  error  would  have  been  one-flfth  that  of  the  daily  mean.  But 
in  fiict  184  of  the  9,131  daily  means  are  wanting,  so  that  the  average 
number  of  means  in  a  column  is  24.496.    Hence  the  fector  by  which  the 

probable  error  of  a  daily  mean  is  tA  be  multiplied  is-^^j^-=  or  0.203. 

The  products,  .0388,  ,0186,  and  .0303,  are  the  extreme  and  mean  values 
of  the  probable  error  of  the  numbers  in  Table  II.  Each  of  the  numbers 
in  Table  III  is  the  mean  of  10.15  numbers  of  Table  II,  hence  the  prob- 
able errors  of  the  values  in  Table  III  are :  Maximum,  .0122;  minimum, 
.00c>S;  mean,  .00951. 

Finally,  Table  IV  is  derived  from  Table  11  by  taking  the  tenth  order 
of  means.  Now,  if  from  the  series  of  terms  Ti,  Tg,  Tj,  etc.,  m  successive 
orders  of  means  be  derived  (m  being  an  even  number),  the  value  of 
that  term  in  the  mth  order  which  corresponds  to  Tn  is : 

iJT  A-mT  .m{m-l)  

+''*T,„+^_„+T,„^j„l  |; 

the  coefficients  being  those  of  the  mth  power  of  a  binomial. 

Hence,  supposing  the  probable  error  of  each  term  of  the  original 
series  to  be  r,  the  probable  error  B  of  a  term  of  the  mth  order  will  be : 

E=i|l+™.+5'!(^V....+m>+l!»- 
If  10  be  put  for  m  in  this  formula,  we  have 
E=0.4198r. 
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Hence  the  probable  errors  of  the  valaes  m  Table  lY  ««  the  following: 
maximum,  February  4,  0.0163;  minimum,  July  23,  .0078;  mean,  .0127i. 

It  is  to  be  observed  that  in  all  the  above  determinatious  of  probable 
error,  the  maximum  and  minimum  values  of  the  error,  being  derived 
fi-om  Beasel'B  function,  are  probably  somewhat  incorrect  by  not  depart- 
ing widely  enough  from  the  mean  value,  but  the  mean  value  itself  is  not 
liable  to  such  an  error. 

The  probable  error  of  the  mean  annual  pressnre,  29.7194,  is  ±0.00160; 
that  of  the  meui  of  a  Edngle  year  la  :t  0.00786. 

BABOMEIBIO  RAKOE. 

Of  the  readings  of  the  barometer  at  each  of  the  regular  tri-dtuly  obser- 
vations during  a  mouth,  corrected  for  temperature,  the  highest  and  lowest 
values  are  noted  in  the  register  at  the  end  of  the  month,  and  the  differ- 
ence between  them  U  recorded  as  the  barometric  range  lor  the  mouth. 
The  means  of  these  ranges  for  like-named  months  in  the  twenty-five  years 
are  the  following:  January,  1.255;  February,  1.301;  March,  1.186;  April, 
1.012;  May,  0.876;  Jane,  0.727  j  July,  0.615;  August,  0.655;  September, 
0.846;  October,  1.042;  November,  1.221;  December,  1.427. 

It  will  be  noticed  that  the  amiaal  fluctuation  of  barometie  range 
copies  closely  that  of  the  mean  departure  of  the  daily  mean.  The  mini- 
mum in  July,  the  doable  maximum  in  December  and  February,  with 
the  intervening  value  for  January,  which,  though  lower  than  that  of 
either  of  the  adjacent  months,  is  higher  than  that  of  any  of  the  remain- 
ing nine;  all  these  peculiarities  are  common  to  the  twofonctions.  They 
differ,  however,  in  the  relative  height  of  the  two  maxima,  the  December 
maximum  being  in  this  case  higher  than  that  in  February. 

BECTTLAB  TABIATIONS  OF  ATUOSPHERIO  PBESSUBE  AND  DI8TUBBANCE. 

Among  the  variations  of  meteorological  elements  sapposed  to  have  a 
period  of  more  than  a  year,  two  are  embraced  within  the  subject  of  the 
present  discussion,  viz,  that  of  atmospheric  pressure,  and  that  of  atmos- 
pheric disturbance,  expressed  by  barometric  range. 
Table  VI. 
Varialion  of  the  animal  meatu  of  preuure. 


Tear. 

K  I 

i 

« 

BnuiTlu. 

rear. 

!. 

1 

1 

B«in«ki^ 

1 

f 

■a 

^IBsT 

29  73*   ... 

ig.3 

m     29 

709     29 

719 

8.0 

Sl.miii. 

T41     39 

868 

ISSB 

665 

4.3 

Bar.miii.ia.>.iiiliL 

8(N 

84!  1 

ies7 

748 

733 

2L6 

1870 

696 

139.6 

1859 

782 

745 

Bar.  max. 

607 

IMO 

730 

S8.S 

S-e-mu. 

1878 

723 

66:3 

44.6 

Bu.mu. 

IMS 

^n 

736 

5ll!l 

1963 

7M 

715 

876 

720 

728 

1L9 

1M4 

608 

Bar.min. 

1865 
1866 

734 

S 

K15 

(Bar.  max.) 

878 

678   .. 

8.4 
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In  Table  VI  the  first  colamn  contains 
the  names  of  the  several  years,  from  185i 
wtolSTSjinclnsiTe;  the  second  colamn  shows 
the  annoal  means  of  pressure,  taken  direct- 
ly ftom  the  register.  In  order  to  eliminate 
minor  and  irregular  yariations,  the  second 
order  of  means  of  this  series  is  taken,  and 
this  constitutes  the  third  eolonm.  The  re- 
majpitig  colamn  contains  Wolf's  atm-spot 
nombers,  as  given  by  Professor  Loomis. 
{Am.  Journal  of  Science  and  Art,  April, 
1873,  p.  247.)  As  tlie  numbers  are  there 
given  only  through  1871,  Professor  Loomis 
has  kindly  furnished  me  with  those  for  the 
snbBeqnent  years.  The  table  indicates  a 
fluctuation  of  annual  pressure,  having  a 
range  considerably  in  excess  of  the  prob- 
able error  of  a  yearly  mean.  The  ^ears 
1856, 1864,  and  1870  are  those  of  minimum 
pressare,  while  maxima  foil  on  the  years 
1858,  1866,  and  1874.  Hence  the  period 
appears  to  consist  of  aboat  eight  yeare, 
with  no  manifest  relation  to  that  of  the 
son-spots.     (See  adjoining  diagram.) 

Table  VU  shows  the  fluctuation  of  baro- 
metricaunual  range.  As  the  range  of  pleas- 
ure attains  its  greatest  extenteachyeardn- 
ring  the  wintei  months,  the  annual  range 
beie  considered  is  the  difference  between 
the  highest  corrected  reading  of  the  baro- 
meter in  any  one  winter  and  the  lowest 
reading  for  the  same  winter;  t.  s.,  the  year 
in  which  each  range  is  taken  begins  July 
1  and  ends  Jane  30.  The  second  colamn 
of  the  table  contains  the  names  of  the 
months  in  which  these  highest  and  lowest  readings  occurred,  the  month 
(tf  the  maximum  being  named  first  in  each  case.  The  two  columns  fol- 
lowing contain  the  extreme  values  of  pressure,  and  the  next  column 
(the  fifth)  contains  the  range  or  difference  between  them.  The  periodic 
fluctuation  of  the  numbers  in  this  column  is  so  marked  as  to  admit  of 
taking  four  orders  of  means,  by  which  the  accidental  variations  are  elim- 
inated. The  result  of  this  process  constitates  the  sixth  colamn.  The 
seventli  and  last  colamn  contains  the  series  of  sun-spot  numbers ;  bat 
as  tiie  year  to  which  any  sun-spot  nnmber,  as  given  by  Woit,  belongs 
has  its  beginning  and  end  at  January  0,  instead  of  July  0,  the  son-spot 
nambra^  for  this  colamn  are  obtained  by  taking  the  first  order  of  means 
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ofWoIf's  series  (that  ia,  the  mean  of  Wolf's  numbers  for  1836  and  1837 
is  taken  as  the  sun-spot  number  for  the  year  1836-'37,  the  meau  of  the 
given  numbers  for  1837  and  1838  as  the  number  for  1837-'38,  etc.).  In 
this  compariBon  the  observations  for  the  years  1836  to  1853,  hitherto 
omitted  firom  this  discussion,  are  included;  for  though  in  respect  to  the 
absolute  values  of  pressure  these  observations  are  not  comparable  with 
the  later  ones,  they  may  be  considered  as  fairly  comparable  as  far  as 
range  is  concerned,  though  less  accurate. 
Ta»ij<  VII. 
Faria(io»  of  f&a  Awanal  Barometric  Range. 
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In  this  table  a  relation  between  the  mean  range  and  the  sun-spot 
numbers  is  obvious  at  a  glance,  not  a  single  maximum  or  minimum  of 
the  latter  series  foiling  to  fall  on  the  same  year  with  an  opiwsite  phase 
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of  the  flactnation  of  mean  range.  Bat  there  is  aai  additional  peculiarity 
of  this  flactaatiou  which  appears  to  have  nothing  iu  common  Trith  that 
of  the  solar  spots  except  equality' of  period. 

i'tom  each  year  of  mlDlmom  sun-spots  and  maximimi  range  to  the 
year  of  the  opposite  phases  the  progress  is  always  uninterrupted,  but 
the  rise  of  mean  range  from  the  latter  point  to  its  next  maximum  on  the 
year  of  the  snn-spot  minimum  is  checked  in  every  instance  nearly  mid- 
way, or  when  the  suu-spot  number  is  about  40,  by  a  decline  laetiDg  in 
each  of  the  four  cases  through  two  years,  after  which  the  increase  of 
range  la  resumed. 

I^e  highest  corrected  barometer-readiog  since  1853  is  30.687  on  Feb- 
ruary 12, 1867,  and  the  lowest  is  28.509  on  November  18, 1873.  Their 
difference,  the  range  iu  twenty-five  years,  is  2.178  inches. 

Of  the  appended  diagrams,  the  first  (divided  int«  five  sections,  and 
marked  Parts  1  to  5,  forming  continuous  curves  for  the  year)  shows  the 
barometric  pressure  for  each  day  of  the  year,  as  given  numerically  in 
Tables  I,  n,  and  lY.  The  full  (or  solid)  line  exhibits  the  daily  values  of 
pressure  directly  from  observations  (Table  II),  while  the  fine  dotted 
carve  shows  the  normal  values  computed  firom  the  periodic  function 
(Table  I),  and  the  intermediate  broken  (or  coarse  dotted)  curve  is  taken 
£rom  the  values  given  in  Table  IV.  Vertical  lines  are  inserted  at  inter- 
vals, having  the  middle  of  their  length  placed  at  the  height  of  the 
annual  mean  (29.719),  and  showing  by  their  extent  upward  and  down- 
ward the  probable  error  of  Table  II  for  the  date.  The  probable  error 
of  Table  IV  is  also  indicated  by  corresponding  marks  upon  the  vertical 
lines. 
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The  concluding  diagram  exhibits  graphically  the  connection  between 
the  flnctuations  of  barometric  range  and  of  suu-spot  amount,  as  given 
in  Table  VIL 
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AN  ACCOUNT  QF  INVESTIGATIONS  RELATIVE  TO  ILLUMINAT- 
ING MATERIALS." 


By  Joseph  Henby. 


It  has  been  the  policy  of  the  Light- House  Board  aince  its  first  estab- 
lishment not  only  to  adopt  the  latest  improvemenbj  which  have  been 
made  in  other  countries,  bat  also  to  add  by  original  investigations  to 
the  snm  of  knowledge  on  aids  to  navigation.  In  accordance  with  this 
policy,  the  Board  has  endeavored  to  keep  itself  informed  as  to  the  prog- 
ress of  the  light-hoDse  systems  of  other  countries,  and  in  the  erection 
of  new  towers  and  the  supply  of  new  apparatus  to  adopt  those  improve- 
ments which  have  £rom  actual  experience  been  preferred ;  and,  further- 
more, the  committee  on  experimenbi  have  devoted  a  portion  of  every 
year  to  investigations  which  might  develop  new  facts  tending  to  greater 
economy  or  efSciehcy  in  the  various  appliances  by  which  the  dangers  of 
navigation  are  diminished. 

At  the  commencement  of  the  operations  of  the  Light-House  Board,  in 
1852,  sperm-oil  was  generally  employed  for  the  purpose  of  illumination. 
This  was  an  excellent  illnminant,  but  as  its  price  continued  to  advance 
firom  year  to  year,  it  was  thought  proper  to  attempt  the  introduction  of 
some  other  material.  The  first  attempt  of  this  kind  was  that  of  the  in- 
troduction of  colza-oil,  which  was  generally  used  in  the  light-bouses  uf 
^Europe,  and  is  extracted  from  the  seed  of  a  species  of  wild  cabbage, 
known  in  this  country  as  rape,  and  in  France  as  colza.  For  this  pur- 
pose a  quantity  of  rape-seed  was  imported  from  France  and  distributed 
throdgh  the  agricultnral  department  of  the  Patent-Office  to  different 
parts  of  the  country,  with  the  hope  that  onr  formers  might  be  induced 
to  attempt  its  cultivation.  Although  the  climate  of  the  coontry  ap- 
peared &vorable  to  its  growth,  and  special  instructions  were  prepared 
and  disttibuted  by  the  Light- House  Board  for  its  culture  and  the  means 
of  producing  oil  fltim  it,  yet  the  enterprise  was  not  undertaken  with 
any  approximation  to  success,  except  in  Wisconsin,  where  a  manu&ctory 
of  rape-seed  oil  was  established  by  Ool.  O.  8.  Hamilton,  formerly  of  the 

['From  the  BeporE  of  the  U.  8.  Light-HooBe  BoaM  for  ISTh.  The  reseafohee  de- 
ncribed  in  this  memoir  have  a  Hoffloieal  Bcientific  valoe  and  popnlax  interest  to  Tally 

justify  their  reprodnotion  here. — S.  F.  Baibd.]  (   lAJtllok' 
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United  States  Army,  To  this  manufactory  the  Light-Honse  Board  gave 
special  encooragement,  and  purchased  at  a  liberal  price  all  the  oil  that 
could  be  supplied;  the  qnantity  however  which  coold  be  procured  was 
bat  a  small  part  of  the  illuminating  material  required  for  the  annual 
consumption  of  the  Lights  House  Establishment 

The  price  of  the  sperm-oil  still  continuing  to  increase,  the  Board  em- 
ployed Prof.  J.  S.  Alexander,  a  chemist  of  Baltimore,  to  make  a  series 
of  investigations  on  different  oils,  to  ascertain  a  method  of  detecting 
adalteratlons  in  them,  and  to  determine  the  relative  economical  value 
of  different  kiuds  of  oil  which  might  serve  for  use  in  light-houses.  In 
his  report  Mr,  Alexander  recommended,  as  a  means  of  detecting  adul- 
terations in  oil,  a  thermal  test,  which  was  based  upon  the  amonnt  of 
heat  evolved  by  mixing  a  given  quantity  of  the  oil  with  salphoric  acid 
of  a  given  specific  gravil;y,  and  noting  the  rise  of  temperature  as  indi- 
cated by  a  standai^  thermometer  in  a  unit  of  time.  For  using  this 
method,  it  was  proposed  to  ascertain  by  actual  experiment  the  heat 
evolved  by  mixing  pure  ^ils  with  a  given  quantity  of  acid,  and  afterward 
oils  adulterated  with  given  quantities  of  lard  or  inferior  oils.  This  in- 
geuions  snggeation  was  however  never  reduced  to  practice.  The  method 
was  too  refined;  the  difference  of  heat  evolved  was  scarcely  sufficient 
to  be  noted  unless  great  precautions  were  taken  to  prevent  loss  by  ra- 
diation and  conduction,  and  consequently  it  could  not  be  employed  by 
ordinary  inspectors.  In  regard  to  lard-oil,  Mr.  Alexander  failed  to  em- 
ploy the  proper  method  of  burning  it,  and  consequently  rated  it  very 
low  on  the  scale  of  economical  value  as  a  lighthouse  illumiuant. 

In  this  stage  of  the  history  of  the  subject  we  are  presenting,  the  chair- 
man of  the  committee  on  experiments  commenced  himself  to  Investigate 
the  qualities  of  different  kinds  of  oil,  and  was  soon  led  to  direct  his  at- 
tention to  the  comparative  value  of  sperm  and  lard  oils.  The  experi- 
ments made  by  Mr,  Alexander  were  with  small  lamps,  and  the  compari- 
son in  this  case,  as  will  be  shown,  was  much  against  the  lard-oil. 

The  first  experiment  of  the  new  series  consisted  in  charging  two  small 
conical  lamps  of  the  capacity  of  about  a  half-pint,  one  with  puiB  sperm- 
oil  and  the  other  with  lard-oiL  These  lamps  were  of  single-rope  wicks, 
each  containing  the  same  number  of  strands ;  they  were  lighted  at  the 
same  time,  and  tfie  pbotometrical  power  ascertained  by  the  method  of 
shadows.  At  first  the  two  were  nearly  eqnal  in  brilliancy,  but  afteiv 
burning  about  three  hours  the  fiame  of  the  lard  had  declined  in  photo- 
metric power  to  about  one-flfth  of  that  of  the  fiame  of  the  sperm.  The 
question  then  occurred  as  to  the  cause  of  this  decline,  and  it  was  sug- 
gested that  it  might  be  due — first,  to  a  greater  specific  gravity  in  the 
lard-oil,  which  would  retard  the  ascent  of  it  in  the  wick,  after  ttie  level 
of  the  oil  had  been  reduced  by  burning  in  the  lamp ;  or,  second,  to  a 
want  of  a  sufficient  attraction  between  the  oil  and  the  wick  to  furnish 
the  requisite  supply  as  the  oil  descended  in  the  lamp:  or,, third,  it  might 
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be  due  in  part  to  the  imperfect  liquidity  of  the  oil,  which  would  also 
militate  against  its  use  in  mechanical  lamps. 

The  lard-oU  was  subjected  to  experiments  in  regard  to  each  of  these 
points.  It  was  found,  by  the  usual  method  of  weighing  equal  quantities 
of  the  two  fluids,  that  liie  specific  gravity  of  the  lard  was  greater  than 
that  of  the  sperm ;  and  also  by  dipping  two  portions  of  the  same  wick 
into  the  two  liquids,  and  noting  the  height  to  which  each  ascended  in  a 
given  time,  that  the  sar&ce  attraction  of  the  sperm  was  greater  than 
that  of  the  lard,  or,  iu  other  words,  the  ascensional  power  of  sperm  was 
much  greater  than  that  of  lard  at  ordinary  temperatures.  This  method 
was  also  eipployed  in  obtaining  the  relative  surface  attraction  of  various 
other  Uquids ;  we  say  surface  attraction  instead  of  capUlarity,  because 
it  was  found  in  the  course  of  these  investigations  that  substances  which 
had  less  capillarity — that  is,  less  elevating  power  in  a  fine  tube — had 
greater  power  in  ascending  in  the  meshes  of  a  wick. 

The  relative  fluidity  of  the  different  oils  was  obtained  by  filling  in 
succession  a  pear-shaped  vessel,  with  a  narrow  neck,  of  about  the  ca- 
pacity of  a  pint,  having  a  hole  in  the  lowest  part  of  the  bottom  of  about 
a  tenth  of  an  inch  in  diameter.  Such  a  vessel  filled  with  any  number 
of  perfect  liquids  would  be  emptied  in  the  same  time,  whatever  their  spe- 
cific gravity.  As  at  any  given  horizon,  inertia  is  directly  proportional  to 
gravity,  the  heavier  the  Kquid  the  greater  would  be  the  power  required 
to  move  it,  but  the  motive  power  would  be  in  proportion  to  the  pressure, 
or,  in  other  words,  to  the  weight,  and  therefore  all  perfect  Uquids  should 
issne  from  the  same  orifice  with  the  same  velocity.  To  test  this  propo- 
sition, eight  fiuid  ounces  of  clean  mercury,  and  then  the  same  bulk  of 
distilled  water,  were  allowed  to  run  out  of  the  vessel  above  mentioned; 
the  time  observed  was  the  same  within  the  nearest  second.  It  was  found, 
in  repeating  this  experiment  with  sperm  and  lard  oils  that  the  rapidity 
of  the  flow  of  the  former  exceeded  considerably  that  of  the  latter;  the 
ratio  of  time  being  100  to  167. 

The  resnlts  thas  far  in  these  investigations  were  apparently  against 
the  use  of  lard-oil;  it  was  observed  however  in  the  experiments  on  the 
flow  of  the  two  oils  on  different  occasions,  that  a  variation  in  the  time 
occurred,  which  could  be  attributed  only  to  a  variation  in  the  tempera- 
tare  at  which  the  experiments  were  made.  In  relatioli  to  this  point  the 
effect  of  an  increase  of  the  temperature  above  that  of  the  atmosphere  on 
the  flowing  of  the  two  oils  was  observed.  By  this  means  the  important 
&ct  was  elicited  that  as  the  temperature  was  increased  the  liquidity  of 
the  lard  increased  in  a  more  rapid  degree  than  that  of  the  sperm,  and 
that,  at  the  temperature  of  about  250'^  F.,  the  liquidity  of  the  former 
exceeded  that  of  the  latter. 

A  similar  series  of  experiments  was  made  in  regard  to  the  rapidity  of 
ascent  of  the  oU  in  the  wick,  and  with  a  similar  result.  At  about  the 
temperature  of  that  before  mentioned,  the  ascensional  power  of  the  lard 
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was  greater  thtui  that  of  the  sperm.  These  results  were  recognized  as 
haying  an  important  bearing  on  the  question  of  the  application  of  lard- 
oil  as  a  hght-honse  illuminant.  It  only  required  to  be  burned  at  a  high 
temperature;  and  as  this  could  be  readily  obtained  in  the  case  of  larger 
lamps,  there  appeared  to  be  no  difaculty  in  its  appUcation. 

TheprevioQB  trialBbad  been  with  small  lamps,  with  single  solid  wicks, 
instead  of  the  Fresuel  lamp,  with  hollow  bnmers.  After  these  prelim- 
inary experimental  two  Kght-honses  of  the  first  order,  at  Cape  Ann, 
Massachusetts,  separated  by  a  distance  of  only  900  feet,  were  selected 
as  afTordiog  excellent  tkcilities  for  trying,  in  actual  burning,  the  correct- 
ness of  the  conclusions  which  had  been  arrived  at.  One  of  these  light- 
honses  was  supplied  with  sperm  and  the  other  with  lard  oil,  each  lamp 
being  so  trimmed  as  to  exhibit  its  greatest  capacity.  It  was  found  by 
photometrlcal  trial  that  the  lamp  supplied  with  lard  exceeded  in  inten- 
sity of  light  that  of  the  one  foTDished  with  sperm.  The  experiment  was 
continued  for  several  months,  and  the  relative  volume  of  the  two  ma- 
terials carefully  observed.  The  qnantity  of  sperm  homed  duiing  the 
continuance  of  the  experiment  was  to  that  of  lard  as  100  is  to  101. 

The  freezing  temperature  of  lard-oil  depends  upon  the  temperature 
at  which  it  was  expelled  by  pressure  irom  the  animal  tissues  in  which  it 
was  contained.  It  is  higher  however  than  the  freezing  temperatnre  of 
sperm,  on  an  average  of  from  3°  to  4°,  bat  this  is  a  matter  of  no  prac- 
tical ol^ection  to  the  substitution  of  lard  for  sperm,  since  'the  heat 
evolved  from  an  Argand  lamp  is,  in  cases  where  the  draught  posses 
through  the  reservoir,  sufficient  to  keep  the  laid  liquid  even  during  the 
lowest  external  temperatnre.  Indeed,  the  small  difl^ence  in  tempera- 
tnre in  freezing  of  the  two  oils  is  a  matter  of  little  moment,  in  eases 
which  frequently  happen  when  the  temp^uture  of  the  atmosphere  is 
below  zero  on  the  Fahrenheit  scale.  At  such  a  temperatnre,  both  oils 
would  become  alike  solid,  unless  some  metuis  were  afforded  for  prevent- 
ing the  fizzing. 

The  next  step  toward  the  introduction  of  Imrd-oil  was  the  devismg  of 
a  system  by  which  4t  could  be  inspected,  and  the  Board  assured,  before 
it  should  be  too  late  to  remedy  the  evU,  that  the  lard  purchased  was  of 
a  good  quality.  This  was  a  matter  of  great  importance,  and  involved 
■  no  small  degree  #f  responsibility,  since  the  contractor  was  entitled  to 
his  pay  immediately  after  the  acceptance  of  the  oil,  and  while  the  quan- 
tity purchased  amounted  annually  to  nearly  100,000  gallons. 

The  conclusion  was  arrived  at  that  it  was  impossible,  from  any  single 
test  that  could  be  applied  to  small  samples,  to  determine  the  quality  of 
the  oil  as  applicable  to  light-house  purposes ;  and  that  in  the  present 
state  of  our  knowledge  as  to  its  character  the  following  tests  are  re- 
qnired  to  fully,  insure  in  all  cases  the  required  quality  of  the  article: 

J.  Specifio  gravity  at  60©  F. 

2.  Liquidity  at  different  temperatures. 
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3.  Freedom  iVom  acids  or  alkalies. 

4.  Resistance  to  fi-eezing. 

6.  Actaal  bnming  in  fifth-order  lamps  for  at  least  ten  hours. 

6.  Fhtitometiic  power  after  burning  one  honr,  and  again  after  burning 
ten  boors. 

7.  The  condition  of  the  Tick  at  the  end  of  tbe  bnming. 

These  tests  are  of  very  unequal  valae,  and  several  of  them  might  be 
dispensed  \Tlth,  were  others  reduced  to  an  absolute  standard  determined 
by  the  actual  eicperience  of  bnming  in  the  light-honses, 

The  specific  gravity  of  impure  lard  and  of  that  which  has  been  care- 
fnUy  refined  differ  bat  Little,  and  hence,  anleaa  the  experiment  be  made 
by  means  of  a  delicate  balance,  the  indications  will  be  of  comparatively 
little  value.  Still,  as  a  given  sample  might  contain  some  foreign  sub- 
stance which  is  not  usually  mixed  with  this  oil,  tbe  test  with  the  hydrom- 
eter should  not  be  omitted.  *■ 

In  making  this  test,  a  cylindrical  vessel  oontuning  the  oil,  of  sufft- 
cient  diameter  to  permit  the  hydrometer  to  float  freely  without  hinder- 
ance  Itom  the  sides,  should  be  immersed  in  a  Vessel  containing  several 
galloos  of  water,  which,  when  once  reduced  to  6(K>  by  the  addition  of 
ice-cold  water,  can,  on  account  of  the  great  specific  heat  of  water,  be 
readily  kept  at  that  temperature  by  a  slight  addition  of  cold  water  from 
time  to  time,  the  whole  being  continnally  stirred.  It  is  scarcely  neces- 
sary to  state  that  the  vessel  containing  the  oil  must  be  so  weighted  at 
tbe  bottom  that  it  will  stand  erect  in  the  cold  bath  in  wMch  the  e:q>eri- 
ment  is  made. 

Liqnidity  at  different  temperatures  is  a  test  similar  in  character  to 
that  of  specific  gravity ;  although  the  difference  in  degree  of  liquidity  of 
different  kinds  of  oil,  such  as  sperm,  whale,  and  lard,  is  very  considera- 
ble, the  difference  between  different  samples  of  lard-oil  is  small.  Still, 
this  test,  for  a  similar  reason  to  that  given  for  the  specific  gravity,  should 
be  applied. 

The  test  for  free  acids  and  alkilies  is  easily  made,  and  should  in  no 
case  be  omitted.  A  portion  is  pat  into  beaker-glassea,  with  a  sUp  of  Ut- 
moB-paper  in  one  and  a  slip  of  tumeric  paper  in  th«  other,  and  suffered 
to  remain  immersed  perhaps  twenty-four  hours ;  and  at  the  end  of  that 
time,  if  one  of  these  papers  exhibits  no  redness  and  the  other  no  brown- 
ness,  the  oil  may  be  considered  void  of  &ee  acid  and  of  alkali,  both  of 
which  would  lessen  its  value,  the  former  tending  to  corrode  the  lamp 
and  the  latter  interfering  witti  its  burning  quality. 

Besistance  to  freezing  is  an  important  test,  but  not  as  easily  applied 
in  the  case  of  lard-oil  as  might  at  first  be  imagined.  Lard-oil  possesses 
the  remarkable  property  of  resisting  the  infiuence  of  a  low  temperature 
if  suddenly  applied,  while  it  will  freeze  at  a  much  higher  temperature  if 
the  cold  be  continued  for  several  hours. 

For  example,  if  a  small  portion  of  lard-oil  be  placed  in  a  tbst-tube  and 
submitted  to  a  rapid  diminution  of  temperature  by  being  plunged  in  a 

U,j,,,;Jl,C00QlC 


488    INVESTIGATIONS  RELATIVE  TO  ILLmUNATIKQ  lUTEBIALS. 

freezing-mixture,  it  will  remain  liquid  at  a  tempoiature  of  19^  or  20", 
whereas  it  will  congeal  at  a  temperature  of  lOt^  if  suffered  to  remain  at 
that  temperature  for  several  hoars. 

The  plan  adopted  for  determining  the  freezing-point  of  difEra%nt  sam- 
ples of  oO  at  one  operation  consisted  in  making  a  series  of  small  open- 
ings, or  windows,  closed  with  glass,  in  the  side  of  a  cyllDdrical  wooden 
tub  about  2^  feet  in  diameter.  Concentric  within  this  tab  was  placed 
another  cylindrical  vessel,  of  smaller  diameter,  of  zinc,  filled  with  a 
fi'eezing-mixture  of  salt  and  pounded  ice.  A  series  of  small  beaker- 
glasaee,  filled  with  the  several  samples  of  oil,  were  placed  opposite  the 
windows  in  the  space  between  the  two  cylinders,  eacdi  coDtaioing  a  ther- 
mometer which  could  be  read  through  the  window.  The  whole  was 
then  inclosed  by  a  tightly-fitting  cover,  through  which  projected  the 
handle  of  a  crank:  by  which  the  &eezing-n)ixtiu%  could  be  stirred.  The 
samples  of  the  oil  subjected  to  this  cold-air  bath  gradually  pass  through- 
tbe  several  stages  of  a  diminutioa  in  limpidity  and  clearness  to  opa^ty 
and  solidity,  the  time  of  each  being  noted. 

The  most  reliable  test  M  that  of  actual  burning  in  a  lamp  of  the  flftb 
order,  and  the  measurement  of  the  photometrical  power.  The  olyection 
to  the  application  of  this  test  to  the  oil  of  every  barrel  is  the  large  quan- 
tity of  oil  required  and  the  amount  of  labor  involved  in  the  proper  exe- 
cution of  the  process.  Thus,  in  testing  60,000  gallons  contained  in  casks 
of  forty  gallons  each,  at  least  500  gallons  would  be  reqniied.  It  is 
therefore  evident  that  this  test  can  only  be  applied  to  samples  selected 
from  a  given  lot,  while  the  siugle  barrels  are  proved  to  be  of  a  similar 
character  by  the  more  simple  tests. 

Another  method  of  insuring  that  all  the  casks  of  a  given  lot  contain 
oil  of  the  same  quality,  consists  in  taking  a  small  equal  portion  from 
each  of  several  casks  and  mingling  them  together ;  the  quality  of  the 
compound  being  ascertained  by  the  application  of  burning  or  the  other 
tests. 

The  determinatiou  of  the  photometrical  power  Is,  in  the  present  state 
of  science,  unless  precaution  is  observed,  a  problem  of  some  uncertainty. 
The  difficulty  is  of  two  kinds,  the  first  to  find  a  photometer  which  shall 
give  the  ratio  of  the  two  lights,  and,  second,  to  find  an  invariable  stand- 
ard to  which  oil  of  the  proper  quality  may  always  be  referred.  These 
difficulties,  I  thinkf  can  be  sufficiently  overcome  for  the  practical  par- 
poses  of  the  Light-House  Board.  The  greater  difficulty  is  that  of  ob- 
taining a  standard  of  reference.  For  tbiaa  sample  of  lard-oil  manu- 
factured by  Mr.  Alden,  of  Boston,  was  at  first  employed,  but  this,  itself, 
was  found  to  be  variable,  and  hence  we  were  obliged  to  adopt  some 
other  standard.  The  one  which  has  been  finally  adopted  is  English 
sperm  cand  les,  which  bum  with  considM^ble  uniformity  at  the  rate  of 
120  grains  per  hour,  or  two  grains  per  minute. 

In  regard  to  the  investigation,  the  experiments  were  carried  on  under 
many  difficulties.    They  were  made  at  first  in  the  engineer's  office  of  the 
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second  ligbt-bonse  district  in  Boston,  with  such  appliances  as  coald  be 
procured  st  the  moment,  with  the  assistance  of  Mr.  William  Goodwin, 
tbe  acting  ligbt-boose  engiaeer,  who  took  much  interest  in  the  Babject 
and  rendered  efficient  serrice. 

In  tbe  erection  of  a  new  lamp-shop  at  tbe  Staten  Island  depot,  care 
was  taken  to  make  provision  for  a  dark  room  in  which  tbe  photometri- 
cal  examinations  could  be  made  with  more  precision  than  had  been  ob- 
taioed  in  the  temporary  apartments  previously  used.  This  room  'extends 
the  whole  length  of  tbe  boilding,  is  about  80  feet  long  by  12  wide;  tbe 
windows  are  closed  by  iron  shutters  to  exclude  the  Ugbt ;  and  tbe  wa11% 
floor,  and  all  other  parts  are  painted  black,  after  being  sanded  to  remove 
any  glare  which  might  exist. 

In  the,&rst  experiments  on  lard -oil  tbe  pbotometrical  process  employed 
was  that  of  Bumford,  which  consists  in  ascertaining  the  relative  intensity 
of  two  Ughts  &om  tbeir  distances  from  a  screen  on  which  shadows  of 
equal  darkness  are  thrown  by  an  intermediate  body.  In  this  case  the 
relative  intensities  sought  are  indicated  by  the  sqnare  of  tbe  distances 
in  inches  and  parts  of  inches  of  each  light  from  the  screen  on  which  the 
shadows  are  cast  But  this  method,  which  is  used  by  tbe  French  man- 
ofiEtcturers  of  apparatus,  and  is  very  simple  in  theory,  does  not  admit  of 
much  accuracy. 

Tbe  arrangemeDt,  therefore,  known  as  Bonsen's  photometer,  was  in- 
troduced in  its  stead,  and  this,  with  some  pecnliar  modifications,  leaves 
iiotbing  to  be  desired.  This  arrangement  consists  in  placing  two  lights 
at  tbe  extremity  of  a  scale  so  divided  into  distances  that  the  relative 
intensity  of  the  two  flames  may  be  immediately  read  off  in  tenns  of 
candle-power  when  a  am^l  intermediate  movable  screen  is  equally  ilia- 
minated  on  both  sides.  This  screen  is  usually  fbrmed  of  a  piece  of  white 
pasteboard  of  about  four  inches  square,  fixed  perpendicularly  at  right 
fugles  to  the  length  of  the  scale,  in  a  sUding  frame,  by  which  it  can  be 
brought  nearer  to  or  farther  from  one  of  the  lights.  Id  tbe  center  of 
this  sqnare  is  a  cireolar  bole  of  about  half  an  inch  in  diameter,  which 
is  closed  by  a  piece  of  thin  paper,  rendered  translucent  by  a  solution  of 
spermaceti  in  oil  of  turpentine.  This  forms  a  spot  which  is  darker  than 
the  other  parts  of  the  white  screen,  and  is  equally  dark  on  both  sur- 
&ces  when  the  screen  is  receiving  an  equal  quantity  of  bght  from  each 
flame;  tbe  screen  is  moved  backward  and  forward  until  this  effect  is 
produced,  and  the  index  will  then  point  on  tbe  graduated  scale  to  the 
nninber  of  tbe  relative  power  of  one  of  the  lights  in  the  terms  of  the 
other. 

Tbe  screen  may  also  be  made  of  thin  paper,  the  whole  of  which  is 
rendered  translucent  except  a  round  spot  in  the  center,  of  half  an  inch 
in  diameter.  If  a  light  is  placed  before  tbe  screen  on  one  w'de,  the 
whole  of  the  greased  part  will  appear  dark,  on  account  of  part^of  tbe 
light  going  through  the  translucent  portion.  If,  now,  another  light  be 
placed  on  tbe  opposite  side,  an  equal  portion  will  be  transmitted  through 
tbe  pellucid  part,  and  tbe  two  surfaces  will  appear  of  like  intensity  when 
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the  two  lights  are  equal,  or  when  from  their  reepectlTe  distances  they 
throw  eqaal  amotmte  of  light  on  the  two  faces  of  the  screen. 

In  ,order  that  both  sides  may  be  seen  at  the  same  moment  without 
moving  the  head  on  one  edge  of  the  screea,  two  mirrors,  making  with 
each  other  an  angle  of  90°,  are  placed  80  that  the  screen  itself  will 
bisect  the  angle. 

For  dividing  the  scale  into  parts  related  to  each  other  as  the  square 
of  their  Qistances  from  a  center,  the  following  formula  and  table  will 
furnish  the  means.  Let  a  be  the  length  of  the  scale,  and  x  the  distanoe 
from  the  candle  end  to  the  movable  screen;  then  a — x  is  the  distance 
between  the  lamp  end  and  the  end  of  the  screen.  Denote  the  degree  of 
illuminination  on  the  candle  and  lamp  sides  of  the  screen  by  L  and  1/ 
respectively.  Let  the  intensity  of  the  candle  end  equal  one  caudle, 
while  that  of  the  lamp  is  n  candles.  Then,  since  the  illumination  of  the 
screen  varies  directly  as  the  intensity  and  inversely  as  the  square  of  the 
distance,  we  have  the  following  proportion: 


L:L':: 


s  form  into 


#■  (a— ic}*,  and  when  11=1/  we  have  {a-~xf  =na?  whence 
For  convenience  of  nsing  this  formula  it  is  best  to  change 


The  following  table  has  been  compnted  by  calling  the  length  of  the 
scale  100  and  assigning  snecessive  integral  values  to  n,  from  1  to  100 
The  column  A  shows  the  value  of  x  for  each  assumed  value  of  n: 
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The  Standard  adopted  with  whicli  to  compare  all  other  lights  is,  as 
we  have  aaid,  that  of  the  Londou  sperm  candle,  which,  under  ordinary 
conditions,  burns  120  grains  of  sperm  per  hour.  If  it  bums  more  or 
less  than  this  amount  during  the  trial,  a  correction  of  a  proportional 
amount  is  made  in  the  results. 

This  standard  however  is  too  small  for  determimng  the  power  of 
large  lamps,  and  for  this  purpose  an  intermediate  standard  is'provision- 
ally  adopted.  Per  example,  in  determining  the  power  of  a  lamp  of  the 
first  order,  the  power  of  a  lamp  of  the  fourth  order  is  first  obtained,  and 
this  is  used  as  a  comparison  with  the  larger  lamp. 

In  the  case  of  the  arrangement  at  the  Staten  Island  depot,  for  photo- 
metrical  measurements,  three  scales  are  employed,  diverging  from  a 
center  at  which  the  lamp  to  be  measured  is  temporarily  placed;  at  the 
farther  end  of  each  scale  is  placed  a  sperm  candle,  to  serve  as  the  stand- 
ard of  comparison.  These  scales  are  of  different  lengths,  one  being 
100  inches  in  length,  another  150  inches,  and  the  third  200  inches;  be- 
sides these,  one  of  the  scales  is  occasionally  replaced  by  one  of  700 
inches  in  length,  which  is  put  up  in  sections. 

As  the  semi^diameter  of  the  burner  of  the  lamp  and  that  of  the  can- 
dle must  be  included  in  the  length  of  the  scale,  a  portion  of  the  latter 
at  each  end  is  cnt  off.  In  adjusting  the  scales,  therefore,  to  their  places, 
the  measurement  must  be  taken  from  the  middle  of  each  scale;  thus,  in 
thecaseof  the  one  of  200  inches  in  length,  the  middle  of  it  mast  be  just 
100  inches  from  the  center  of  the  lamp  on  one  side,  and  100  inches  firom 
the  center  of  the  candle  on  the  other.  In  making  the  examination,  three 
'  observers  simultaneously,  one  at  each  scale,  take  the  photometric  read- 
ings, and  the  mean  of  the  three  results  is  adopted  as  the  candle-power 
of  the  Ught  under  examination. 

In  the  examination  of  oil  previous  to  porchase,  as  we  have  said  be- 
fore, a  lamp  of  the  fifth  order  is  charged  with  the  oil  in  question,  and 
when  in  a  state  of  equilibrium  of  combustion  it  is  subjected  to  the  trial. 
For  greater  precision  ten  readings  are  taken  on  one  side  of  the  scale, 
and  then  the  photometer  is  reversed  and  as  many  taken  ftom  the  oppo- 
site side.  In  this  way  the  mean  of  sixty  readings,  twenty  on  each 
scale^  furnishes  the  data  on  which  the  character  of  the  oil  principally 
restfi.  As  a  means  of  simultaneously  weighing  the  candles  for  checking 
the  effects  of  their  irregular  burning,  three  balances  are  provided,  each 
of  which  bears  one  o£  the  candles  in  a  socket  supported  by  a  metathe 
link,  through  which  the  scale-beam  passes  and  is  attached-  to  the  hook 
of  the  scale-pan  below. 

On  the  opposite  scale-pan  a  series  of  grain  weights  are  placed,  which 
can  he  taken  off  without  disturbing  the  equilibrium  of  the  scale,  by  a 
pair  of  pincers ;  the  interval  of  time  during  which  a  given  grain  weight 
is  burned  is  marked  by  a  watch.  If  the  interval  is  equal  to  two  grains 
for  each  minate,  the  candle  is  burning  at  its  normal  rat«;  if  not,  a  cor- 

U,j,,,;Jt,L.OOglC 


492   INVK8TIGATI0N8  RELATIVE  TO  ILLUMINATIHG  MATEfelALS. 

recUou  is  made  by  simple  proportion,  which  is  applied  to  the  measore- 
meiit  previously  obtained. 

The  lamps  containing  the  oil  for  trial  are  lighted  and  trimmed  in  an 
adjoining  apartment  They  axe  introduced  into  the  dark  room  tbroagh 
a  window  closed  with  a  sUding  shatter.  In  order  to  prevent  an  over- 
flow of  oil  at  the  borner  by  the  oscillatioQ  of  the  liquid  in  the  reservoir 
by  the  agftation  of  tran^r,  each  lamp  is  placed  on  a  small  carriage 
moving  on  a  railway^  which,  passing  through  the  window,  enables  the 
lamp  to  be  placed  in  its  position  with  rapidity,  and  without  the  slight- 
est diBturbance  of  the  equilibrium  of  the  oil. 

The  temperature' of  the  room  is  also  noted,  and,  as  fiix  as  possible,  it 
is  kept  at  a  heat  of  not  &r  &om  70°.  For  this  purpose,  during  warm 
weather  the  inspection  may  be  made  at  night. 

For  reading  the  divisions  on  the  scales  in  the  dark  room,  a  mirror  is 
employed  to  throw  the  light  of  the  lamp  under  inspection  on  the  grad- 
uation. 

To  exclude  all  extraneous  light,  the  three  caudles  and  the  lamp  to  be 
tested  are  each  surrounded  by  a  cylindrical  sheet-iron  screen,  painted 
black,  through  wlilch  a  hole  a  little  larger  than  the  flame  allows  the  light 
to  pass  along  the  scale  to  the  photometer.  The  trial-lamps  are  those  of 
the  fifth  order.  Each,  after  it  has  been  hghted,  is  allowed  to  bom  an 
hour  before  being  submitted  to  the  photometrical  measurement.  If  it 
gives  a  power  less  than  S  candles,  the  oil  is  rejected.  If  it  passes  that 
test,  it  is  then  allowed  to  burn  nndisturbed  without  being  trimmed  for 
8  or  9  hours  longer,  aod  if  it  is  fonnd  at  the  end  of  that  time  to  exhibit , 
no  diminution  in  the  brilliancy  of  the  light  it  is  considered  worthy  ol 
adoption,  especially  if  after  this  it  continues  to  bum  4  or  5  hours  with 
no  perceptible  dimlnntion  which  can  be  detected  with  the  naked  ey& 
The  best  lard-oil  will  bum  16  hours  without  trimming. 

Each  candle  before  the  measurement  commences  is  suffered  to  bam 
until  it  has  assumed  a  perfect  and  uniform  rat«  of  consumption ;  it 
should  be  prevented  from  guttering  by  removing  a  portion  of  the  melted 
spermaceti  wtiich  may  accumulate  In  the  cup  at  the  top  of  the  candle 
beyond  the  power  of  the  feeble  incipient  flame  to  consome,  by  absorb- 
ing it  by  one  end  of  a  strand  of  candle-wick  cautiously  introduced.  Jf 
any  portion  of  the  spermaceti  is  suffered  to  mu  down  the  side  of  the 
caindle  and  drop  off  below,  the  correction  for  variation  in  boming  will 
be  worthless. 

All  materials  for  the  use  of  the  Light-House  Esteblishment  are  par- 
chased  by  contxact  in  accordance  with  pubUshed  specifications  as  re- 
gards quality  and  certain  conditions.  The  award  is  given  to  the  lowest 
bidder,  provided  he  can  offer  trustworthy  surety  as  to  his  abiUty  to 
iulflll  the  contract.  Preference  is  however  giv^i  when  bids  are  equal, 
or  nearly  so,  to  the  bidder  who  is  a  manufacturer  of  the  oil  and  not  a 
mere  vender  of  the  article.  Dnring  the  inspection  pennissioo  is  granted 
to  the  contractor  to  be  present  at  the  operation,  in  order  that  he  may 
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be  fl^nred  that  fnll  justice  is  done  him  in  the  esamiuation.  After  see- 
ing the  precisioD  vlth  which  the  photometric  and  other  processes  are 
conducted,  he  is  generally  fully  satisfied  as  to  the  results  obtained,  even 
thongh  his  oil  .may  have  been  rtgected. 

The  oil  is  delivered  in  iron-boond  casks,  varying  from  38  to  50  gal- 
lons. These  are  placed,  previons  to  inspection,  nnder  a  shed  and  ar- 
ranged in  different  lots,  each  containing  oil  of  the  same  quality.  From 
different  casks  samples  are  taken  in  tin  canisters  of  a  capacity  of  about 
half  a  gallon ;  each  canister  being  marked  with  the  number  of  the  lot 
and  the  cask  from  which  the  oil  was  taken.  Before  the  sample  is  drawn 
frY>m  the  cask  the  oil  withid  is  thoroughly  mixed  by  rolUng  the  cask,  or 
by  stirring.  The  object  of  this  is  to  obtain  in  the  sample  an  average 
amoont  of  solid  matter  which  may  be  contained  in  the  oil. 

The  purest  lard-oil  is  that  which  is  manufectured  by  submitting  the 
solid  leaf  lard  to  great  pressure  during  the  coldest  period  of  winter. 
Oil  of  this  quality  is  used  for  burning  in  small  mechanical  lamps ;  it 
gives  a  bright  flame  and  does  not  incmst  the  wick.  The  light-house 
lami>s  however  being  of  a  much  larger  size  and  evolving  a  much 
greater  amount  of  heat,  can  consume  oil  of  a  coarser  character ;  and 
indeed  it  has  been  found  that  oil  containing  a  certain  amount  of  solid 
matter,  provided  the  latter  is  not  too  much  in  quantity  to  be  consumed 
by  the  lamp,  gives  a  higher  illuminating  power.  On  this  account,  be- 
fore this  fact  was  generally  known  in  the  trade,  complaints  were  made 
of  the  Light-House  Board  giving  the  preference  to  oil  which,  in  the 
market,  would  not  be  considered  of  the  first  quality. 

The  quantity  of  oil  is  estimated  by  weight,  allowing  7.6  pounds  per 
gallon.  It  is  weighed  in  gross  and  afterward  emptied  into  large  tanks 
in  an  underground  vault.  The  empty  barrels  are  ne^  weighed ;  the 
weight  of  these  deducted  gives  the  net  weight  of  the  oil. 

Previous  to  the  establishment  of  the  general  light-house  depot  at 
Staten  Island,  from  which  all  the  supplies  are  now  distributed,  and  the 
lamps  and  other  light-house  appliances  are  prepared  for  immediate  use, 
the  oil  was  received  at  various  ports  along  the  coast,  in  accordance 
with  terms  of  the  contract,  and  was  stored  until  wanted  for  nse,  in  cel- 
lars hired  for  that  purpose. 

The  Board  however  after  the  introduction  of  lard-oil,  constructed 
a  spacious  underground  receptacle  capable  of  containing  50,000  gallons 
of  oil,  and  retaining  it  during  the  whole  year  at  a  temperature  not  to 
exceed  65°  Fahrenheit. 

The  underground  vault  contains  five  tanks,  each  of  the  capacity  of 
ten  thousand  gallons.  On  each  tank  is  a  register,  consisting  of  a  glass 
tabe  so  divided  as  to  give  the  contents  in  hundreds  of  gallons.  The  oil 
is  deUvered  in  three  installments :  The  first  on  tiie  Ist  of  May,  the  sec- 
ond on  the  lOth  of  June,  and  the  third  on  the  22d  of  July.  'Hie  vault 
and  tanks  were  constructed  under  the  direction  of  General  Poe  while 
engineer  secretary  of  the  board,  who  also  took  a  lively  interest  in  the 
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introdaction  of  ]ard-oU  and  in  tbe  preliminary  experiments  for  deter* 
mining  its  qnality. 

A  photometer  room  was  afterward  fitted  up  in  the  Smithsoman  Insti- 
tution, in  which  several  series  of  investigations  were  made  in  regard  to 
the  illuminating  power  of  difforent  oiIb.  At  the  same  time  a  series  of 
experiments  was  undertaken  relative  to  their  chemical  characters  and 
conditions;  in  which  experiments  the  chairman  was  assisted  by  Profl 
C.  M.  Wetherill,  whose  untimely  loss  the  science  of  this  country  haa 
heen  called  to  moum.  Among  the  investigations  in  the  laboratory  are 
the  following,  relative  to  the  expansions  of  different  oils,  intended  to 
fecilitate  the  porchase,  the  measurements  being  made  at  different  tem. 
peratores.  To  obviate  the  necessity  of  the  correction  for  temperature, 
the  oil  is  now  purchased  by  weight.  The  following  results  may  how- 
ever be  of  value  in  the  application  of  different  oils  to  light-house  f>ur- 
poses: 

BXP£BIMENTS  UPON  LIGHT-HOUSE  OILS. 
[Deiuitf  &ad  volame  of  oils  (and  waterXat  differtmt  temperatoies.] 


t 


Voliime.  Density. 


Volnme.  Daufdtf. 


0.91952 
0. 9149S 
0. 91311 


Volume.  Doasitr. 


LOOOO 
1.0050 
L0106 


Volume.  Denrity. 


1.00447 
1.00619 
1.00774 


Volnme.  Density. 


■,.ndty  Google 
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OBGANIO  ANAIiYBBB  OP  LIQHT-H0TT8£  OILS. 
No.  1. — Refined  minter-preaaed  lard-oU. 


First  ex- 
periment. 

Second  ex- 

Mean. 

By  cakola- 
tion. 

76.87 
11.58 

76.63 
11.63 

76.75 
11.61 

11.64 

100.00 

No.  2. — Crude  lard^l. 


"So.  3. — Sp^'^-oiL 


77.07 
11.72 

76.70 
11.69 

76.88 
11.71 
11.41 

100.00 

79.53 
13.28 

79.41 
12.28 

79.46 
12.28 

8. 2a 

H«-.12.28 

EXPEBIMENXS  OP  MTXIWG  OILS  WITH  OIL  OF  VITEIOL  OP  66°  SEAXm&, 
AT  620  p. 

Fint  experiment. — Winter-pressed  lard-oil. 

[Of  oil,  2  fluid  oonceB ;  of  acid,  1  flnid  oaace :  ] 

Temperature  of  oil  before  n  ixing , 70°  F. 

Temperature  of  oil  afi»r  alow  mixing 130<> 

Difference 60° 

At  the  expiration  of  3  minutes,  temperature 134° 

At  the  expiration  of  4  minutes,  temperature 134° 

Second  experiment —  Winter^essed  lard^HL 

Temperature  before  mixing 70°  P. 

Temperature  after  mixing  rapidly 169° 

Difference 99° 
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2%trd  eteperimatt. — Winter-pressed  tard-oii. 

Temperature  before  mixing 70°  P, 

Temperature  after  mixiusr - 165° 

DifEferenoe 95° 

Fourth  ei}periment.-^Crvde  lard^tiL 

Temperature  before  mixing 66°  F. 

Temperature  ftfter  mixing 164° 

Difference 98© 

BEFBIGEBATION  OF  THE  OILS. 

Those  experimented  upon  were  whale,  sperm,  refined  lard,  and  crude 
lard. 

First  ea^eriment  ' 

At30°.2  F.  they  were  all  sirupy;  in  the  crude  lard-oil  a  yellowish 
solid  began  to  separate. 

At  26'>.6  the  sperm-oil  began  to  solidify. 

At  2i°.S  the  refined  lard  began  to  yield  a  white  precipitate. 

At  17°.6  the  whale-oil  was  a  thick  simp,  withoat  deposit.  The  erode 
lard-oil  was  quite  hard.  The  pore  lard-oil  vas  not  as  hard  as  the  crude 
lard-^il.  The  sperm-oil  was  not  as  hard  as  the  pure  lard-oil.  These  ex- 
periments performed  iu  test  tubes. 

Second  experiment. 
Upon  pare  winter-pressed  lard-oil,  in  a  test  tube. 
At  170.6  F.,  begins  to  deposit  flakes  of  solid  matter. 
At  140  is  quite  thick. 
At  10°.4  it  ia  perfectiy  solid. 

If,  now,  the  temperature  rises,  a  small  portion  of  the  oil  remtuns  solid 
tintil  the  temperature  reaches  44°.6. 

Third  essperimeja. 
The  oils  were  placed  in  large  cylinders  and  exposed  to  a  temperature 
of  24<>.8  F.,  with  the  following  results : 

1.  Cmde  lard-oil,  much  sediment. 

2.  Sperm-oil,  ditto*. 

3  Pare  refined  lard-oil,  a  little  sediment. 

4.  Winter- strained  lard-oil,  very  littie  sediment. 

5.  Whale-oilj  no  sediment. 

In  the  use  of  sperm-oil,  it  was  found  that  the  poier  it  could  be  ob- 
tained the  better,  and  hence  it  was  tiie  onstom  to  strain  the  oil  through 
clean  white  sand  previoas  to  asing  it,  and  also  the  drippings.  In  the 
case  of  lard  however,  it  was  found  that  removing  all  the  solid  mattw 
diminished  its  photometric  power.  /    i-ioo  Ir 
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All  &tty  oils  absorb  ozygeD,  which  unites  with  them  to  form  oxides 
of  tiieir  combnstible  ingredients }  oil  therefore  fireely  exposed  to  the  air, 
mast  in  time  gradnally  diminish  in  its  power  of  combnstion.  It  ahonld 
not,  therefore,  be  open  to  the  atmosphere  when  the  oil  is  to  be  stored, 
bat  covered  with  a  thin  wooden  plane,  which  floats  upon  the  surface  of 
the  oil,  and  thns  in  a  great  measare  exclades  the  air.  The  freezing  of 
lard-oil  does  not  appear  to  affect  its  qnality. 

Considerable  difficnlty  was  experienced  in  the  introduction  of  lard- 
oil,  on  accoant  of  the  objection  to  it  on  the  part  of  the  keepers ;  in  some 
oases  &om  the  want  of  experience  in  nsing  it,  and  in  others  from  the  in- 
terference of  venders  of  sperm-oil.  This  dif&calty  however  was  obvi- 
ated by  a  resolation  of  th.e  board,  by  which  any  keeper  that  declared 
his  inability  to  born  lard-oil  should  be  requested  to  resign,  since  it  had 
been  abundantly  proved  that  this  oil,  with-  proper  management,  could 
be  made  favorably  to  compete  with  sperm.  Its  introduction  was  a  mat- 
ter of  great  importance  in  an  economical  point  of  view;  it  saved  the  gov- 
ernment $100,000  annually  for  several  years. 

Another  important  step  in  the  introduction  of  lard-oil  was  that  of  for- 
nisbing  a  lamp  which  would  bum  it  with  the  greatest  perfection.  This 
was  due  to  the  invention  of  Mr.  Joseph  Funck,  foreman  of  the  lamp- 
shop.  As  we  have  said,  in  order  to  bnm  lard-oil  it  is  necessary  it 
should  be  kept  at  a  high  temperature,  and  for  this  purpose  the  heat  of 
the  draught  of  the  lamp  was  passed  through  the  center  of  the  reservoir. 

Previous  to  the  change  in  the  illumiuating  tnateriaJ  there  had  been 
used  in  the  Light-House  Establishment  three  classes  of  lamps,  viz,  the 
mechanical  lamp  for  the  first,  second,  and  third  orders,  and  the  moder- 
ator and  fountain  lamps  for  the  fourth,  fifth,  and  sixth  orders. 

In  the  mechanical  lamp  the  oil  was  placed  in  a  reservoir  below  the 
burner,  and  pumped  up  by  means  of  clock-work.  This  apparatus  is  of  a 
complicated  character,  and  is  subject  to  derangement.  The  valves  must 
be  renewed  from  time  to  time,  and  the  clock-work  cleaned.  The  proper 
performance  of  these  operations  is  beyond  the  skill  of  an  ordinary  keeper, 
and  requires  the  freqaent  aid  of  a  trained  lampist. 

The  moderator  lamp  is  less  complicated,  and  was  invented  to  obviate 
the  difficulties  just  mentioned.  In  this  the  oil  is  elevated  by  the  descent 
of  a  heavy  piston,  and  forced  up  through  a  small  conical  hole,  the  flow 
b^ng  regulated  by  the  conical  end  of  a  wire,  which  is  gradually  with- 
drawn as  the  weight  descends,  so  as  to  give  a  less-obstructed  flow  as 
the  hydrostatic  pressure  of  the  oil  increases.  From  this  arrangement 
it  takes  its  name  of  moderator  lamp.  This  apparatus  however  is  liable 
to  irregularity  on  account  of  derangement  of  the  supplying  apparatus, 
the  varying  friction  of  the  packing  of  the  piston,  as  well  as  the  change 
in  the  flow  of  the  quantity  of  oil,  owing  to  its  less  liquidity  due  to  a  dimi- 
nution in  temperature. 

The  reservoir  of  the  foantain:lamp  consists  in  an  air-tight  vessel, 
usually  cylindrical,  from  the  bottom  of  which  descends  a  tube,  terminat- 
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ing  at  the  open  end  in  a  small  cnp,  ftom  vhicb  the  bomer  is  directly 
sapplied  with  oil  ou  the  well-known  principle  of  the  bird  foontain,  this 
Vessel  being  filled  with  oil  by  inverting  it  and  ponring  in  the  liquid 
through  the  open  end  of  the  tube.  It  is  then  reinverted  and  the  end  of 
the  tiibe  inserted  in  the  small  cnp  below  the  level  of  the  oil  which  it 
contains.  The  oil  in  the  reservoir  in  this  condition  is  supported  by  the 
pressure  of  the  atmosphere  on  the  surface  of  the  oil  in  the  cup.  When 
this  snr&«e  is  lowered  by  burning,  the  end  of  the  tube  is  opened,  and 
a  bubble  of  air  passes  ap  and  an  equal  bulk  of  oil  descends,  and  in  this 
way  a  nearly  constant  level  of  oil  is  maintained.  I  say  nearly  constant 
because  the  air  which  goes  up  is  of  some  volume  and  in  the  act  of  pass- 
ing up  produces  an  oscillation  which,  in  some  degree,  adects  the  stead- 
iness of  the  burning  of  the  dame. 

There  is  however  a  greater  defect  in  this  lamp  fh)m  the  oscillations  in 
the  level  when  the  reservoir  has  been  exhausted  of  a  considerable  por- 
tion of  its  charge  o^  oU.  In  this  case  the  arrangement  is  one  similar  to 
an  air  thermometer  with  a  large  bnlb,  and  is  affected  by  a  sndden  dranght 
produced  by  the  opening  and  shutting  of  a  door  or  the  ordinary  ventila- 
tion of  the  lantern.  This  was  partly  remedied  by  bending  the  tube,  and 
thereby  increasing  the  resistance  to  a  sudden  change  in  the  level  of  the 
oU. 

The  improvement  of  Kr,  Funek  consisted  in  substituting  for  these 
lamps  one  of  constant  level,  in  which  the  oil  is  placed  above  the  burner, 
and  the  dow  of  oil  necessary  for  perfect  combustion  is  regulated  by  a 
small  floating  piston,  placed  in  an  eulai^d  portion  of  the  supply-tube, 
and  carrying  on  its  upper  surface  a  conical  projection  which  increases 
or  diminishes  the  size  of  the  supplying  orifice  in  accordance  with  the 
rapidity  of  combustion.  This  lamp  is  not  only  Iree  &om  the  objections 
pertaining  to  the  other  lamps,  but  is  less  expensive  and  better  adapted 
to  the  burning  of  lard-oil.  It  affords  a  freer  combustion,  and  conse- 
quently a  more  intense  light,  though  at  the  cost  of  a  larger  amount  of 
the  burning  material. 

lu  this  lamp  the  heated  air  and  products  of  combustion  pass  through 
a  cylindrical  opening  in  the  reservoir,  which  is  placed  directly  above 
the  lamp,  the  opening  in  it  forming  as  it  were  a  prolongation  of  the 
chimney,  thus  not  only  preventing  the  oil  iixim  freezing  in  the  coldest 
weather,  but  supplying  it  to  the  burner  at  the  temperature  best  adapted 
for  perfect  combustion. 

In  regard  to  the  comparative  character  of  lard  and  colza  oil,  we  may 
be  allowed  to  print  the  following  letter  from  Colonel  Hamilton,  the  man- 
nfectnrer  of  the  latter  oil,  who  was  present  at  the  trial  to  which  he 
alludes : 

FoMD  DV  Lao,  Wis.,  May  16, 1868. 

Deab  Comhodobe:  I  must  confess  mj  great  disappointment  at 
ibe  result  of  the  experiments  at  Staten  Island.  It  is  however  not  re^y 
so  much  the  failure  of  rape-seed  oil,  as  the  undeniable  excellence  of  lard- 
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oil  as  a  bnmer.  I  folly  believe  tliat  oor  rape-seed  oil  of  this  year  is  as 
good  08  any  tiiat  was  ever  made  in  Europe,  and  I  know  it  is  far  better 
tliaD  any  we  tiave  ever  be&re  made.  I  am  satisfled  now  that,  for  self- 
heating  lamps,  there  is  no  oil  that  will  bear  comparisoQ  with  lard,  bat  I 
am  eqaally  satisfled  that  no  colza  oil  will  yield  a  better  result  than  oars, 
nnder  exactly  the  same  tests.  We  have  but  one  more  experiment  to 
make  with  colza ;  it  is  its  extractioa  by  chemical  displacement.  If  this 
fails,  we  shall  abandon  the  whole  bnsiness. 

If  all  things  are  pat  together,  I  think  the  following  statemeot  will 
be  allowed,  to  wit :  Ooreolzaoiliseqnaltoanyforeigncolza.  Itisbetter 
than  any  wehave  heretofore  made.  It  is  betterthan  sperm  or  anyother 
burner,  excepting  only  lard-oil.  Oar  failore  then  is  owing  to  the  supe- 
rior excellence  of  lard-oil,  which,  under  the  persistent  investigation  of 
the  board,  has  been  shown  to  be  the  best  aad  cheapest  safe  illuminator 
available. 

The  board  are  entitled  to  great  credit  in  prodncing  this  resnlt.  It 
will  be  remembered  that  but  a  few  years  since  lard-oil  was  pronounced 
nnsaitable  for  light-house  purposes,  btit  the  perseverence  of  the  hoard 
has  brought  ont  the  foct  that  it  is  much  the  best  and  cheapest  oil,  and 
that  the  expenses  of  lighting  the  coast  and  harbors  have  been  thereby 
greatly  rednced.  Surely  the  conntry  at  large  should  acknowledge  this, 
and  give  due  credit  to  the  board.  We  have  endeavored  to  do  with  colza 
what  the  board  have  effected  with  lard-oil,  and  weh^ve  been  unsuccess- 
ftl  both  for  ourselves  and  the  light-house  interest.  The  undertaking 
has  been  no  source  of  profit  to  us,  and  had  the  capital  and  time  th%t 
have  been  devoted  to  colza  been  nsed  in  our  other  branch  of  manufac- 
ture (linseed  oil),  it  would  at  least  have  reimbursed  us  with  a  fair  re- 
munerative return.  As  regards  the  oil  we  have  ofTered,  we  have  hoped 
the  board  would  take  it.  I  do  not  think  we  can  improve  upon  the  qnal- 
ity,  and  it  is  the  last  we  shall  venture  to  offer  to  the  acceptance  of  the 
board,  for  we  shall  henceforth  abandon  the  manufiwstnre,  except  for  local 
wants. 

We  are  grateful  to  each  member  of  the  board  for  the  interest  they 
have  always  shown  in  our  undertaking,  and  for  their  uniform  kindness 
and  courtesy.  Accept,  my,  dear  commodore,  for  yourself  and  your  asso- 
ciates in  the  board,  my  warmest  thanks  for  your  many  kind  expressions 
of  interest,  and  believe  me,  tmly  and  gratefully,  yonrs, 

0.  S.  Hamilton. 

Com.  A.  A.  Harwood,  U.  8.  S., 

Secretary  Light-Souse  Board,  Washingtonf  D.  C. 

From  the  date  of  the  introductioQ  of  lard-oil  in  1S65,'66,  and '67,  until 
the  end  of  1873,  when  the  attention  of  the  board  was  again  directed  to 
the  study  of  mineral  oil,  continual  improvements  were  made  in  the  pro- 
cesses of  its  preservation  and  inspection,  and  also  in  the  lamps  and 
oUier-appliances  for  its  employment,  and  nothing  further  as  a  light-house 
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Uluminant  ^ras  reqnired.  It  is  tberefoie  with  regret  that  we  are  urged, 
on  account)  of  the  increased  price  of  ttte  article,  dne  in  some  degree  to 
the  repatation  as  a  burning  material  given  it  by  the  board  itself,  to  enb- 
stitnte  for  it  a  leas  reliable  bnt  a  mucli  more  economical  material. 

At  the  time  lard-oil  was  introduced  a  series  of  experiments  was  made 
on  the  comparative  valae  of  the  different  petrolenm  oils  nsed  in  this 
fioantry.  They  were  however  all  considered  too  dangeroas  to  be  in- 
trosted  to  the  ordinary  keepers  of  the  light-stations  of  onr  coast.  Since 
the  date  however  of  these  investigations,  improvements  have  been  made 
in  the  manu&ctore  of  these  oils,  by  which  a  mnch  greater  range  has  been 
obtained  in  the  temperature  at  which  they  give  off  an  explosive  vapor. 
Daring  the  last  two  years,  therefore,  a  new  series  of  investigations  has- 
been  made  relative  to  th^  illuminating  agents,  of  which  we  propose  in 
the  sacceding  pages  to  give  a  brief  account. 

The  crnde  jietrolenms  of  the  Pennsylvania  oU  region  are  of  a  greenish 
or  yellowish  appearance,  and  have  a  specific  gravity  of  45'^  to  49° 
Beaam6,  at  a  temperature  of  60°  Fahrenheit.  Some  are  so  volatile  as 
to  evaporate  rapidly  at  tdie  ordinary  temperature  of  the  air,  rendering  it 
dangerous  to  approach  an  open  cask  of  crude  petrolenm  with  a  flame; 
others  are  much  less  volatile,  requiring  a  temperature  of  from  200°  to 
300°  F.  to  vaporize  them.  The  volatility  of  the  hydro-carbons  is  inti- 
mately connected  with  their  specific  gravity.  They  become  heavier  as 
the  volatile  ingredients  are  driven  off  by  heat.  The  inflammability  of 
the  oils  is  also  connected  with  their  volatility  and  the  specifle  gravity. 
The  light  volatile  oils  ignite,  as  we  have  said,  on  the  approach  of  a  burn- 
ing match  at  ordinary  temperatures,  while  the  heavier  require  a  higher 
temperature  forignition.  The  process  of  manufecturing  these  oils  con- 
sists in  separating  them  flx>m  each  other  as  they  occur  in  the  crude  oil 
of  tjie  springs  by  what  is  called  fractional  distillation ;  for  this  purpose 
the  crnde  oil  is  placed  in  an  iron  still  provided  with  a  worm  of  the  same 
metal  submerged  in  a  tank  of  water  for  cooling  it  j  the  still  ia  then  grad- 
ually heated ;  the  first  product  that  passes  over  is  gaseous  at  ordinary- 
temperatures,  and  can  only  he  condensed  mto  a  liquid  form  by  cooling 
the  worm  with  ice,  or  by  compressing  the  gas  with  an  air-pump  into  a 
strong  receiver.  After  all  the  vapor  is  given  off  at  the  temperature,  say 
at  90°  F.,  the  temperature  of  the  liquid  in  the  still  is  raised,  a  liquid  is 
produced  which  eshales  in  vapor  at  a  higher  temperature  and  is  of 
greater  density — and  so  on,  a  series  of  hqoids  are  prodoced,  each  of 
which  requires  to  be  heated  to  a  higher  degree  before  taking  fii«  on  the 
approach  of  a  lighted  match — these  ipore  volatile  vapors  ere  heavier 
thah  atmospheric  air,  and  when  suffered  to  escape  from  the  cask  con- 
taining them  in  a  separate  state  will  flow  along  the  snrfoce  of  the  floor 
of  a  room,  and  reaching  a  distant  fire-place  will  ignite,  and  homing 
backward  to  the  reservoir  will  set  fire  to  the  oil  £rom  which  they  ema- 
nated. 

Many  serious  accidents  have  occurred  in  this  way,  by  the  firing  of  a 
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canister  coDtaiiiing  petroleum  oil  which  has  be^i  left  open,  althoagb  at 
a  distance  in  some  cases  of  irom  20  to  30  feet  firom  a  lighted  flre.  An- 
other sonrce  of  danger  fh>m  the  lighted  oils  from  which  the  more  volatile 
vapors  anse  results  &om  the  &ct  that  these  vapors  when  mixed  with  a 
certain  portion  of  atmospheric  air  explode  on  the  approach  of  a  flame 
with  extreme  violence.  When  the  proportions  of  vapor  and  air  are 
equal  no  explosion  takes  place ;  but  when  they  are  in  the  ratio  of  10 
parts  of  the  vapor  in  volnme  to  100  parts  of  air  the  explosion  is  most 
violent  j  when  the  quantity  of  air  or  of  petroleum  vapor  is  increased  or 
diminished  the  explosion  is  less  violent  until  one  or  other  becomes  ex- 
cessive, when  the  vapor  kindles  without  explosion,  as  is  the  case  with 
ordinary  street  gas  when  issning  from  the  burner. 

A  notable  case  of  the  explosive  quality  of  a  mixture  of  petrolenm 
vapor  and  airoccured  in  connection  with  the  light-bouse  service  in  1861, 
on  Lake  Michigan.  The  keeper  in  one  of  the  lighthouses  of  this  dis- 
trict substituted  on  his  own  responsibility  an  ordinary  kerosene  lamp  of 
tinned  uron,  for  the  usual  lard-oil  lamp.  This  gave  a  good  light  and  re- 
qnired  no  trimming  during  the  night;  it  burned  well  for  several  nights, 
and  the  keeper  congratulated  himself  on  the  success  of  what  he  consid- 
ered a  very  important  experiment.  Unfortunately  however  on  the  last 
morning  that  the  lamp  was  used,  he  attempted  to  pnt  it  out  in  the  usual 
way  by  blowing  the  air  £rom  his  lungs  down  the  chimney,  when  an  ex- 
l^oslon  took  place,  which  scattered  the  oil  in  a  burning  state  over  the 
.deck  of  the  tower  and  also  on  his  clothes ;  in  his  iHght  he  ran  down 
the  stturs  of  the  tower,  and  had  scarcely  reached  the  ground  when  a 
violent  explosion  was  heard  above,  which  blew  off  the  whole  lantern 
and  broke  the  lenticular  apparatus. 

The  explanation  of  these  two  explosions  is  not  difficult.  The  burning 
of  the  oil  daring  the  night  left  a  space  void  of  the  liquid  in  the  reser- 
voir of  the  lamp,  which  was  filled  with  air  and  vapor,  which  happened 
on  this  occasion  te  be  near  the  explosive  proportions ;  on  blowing  air 
down  the  chimney  it  mingled  with  the  vapor  furnishing  the  quantity 
necessary  for  the  violent  combination,  and  consequently  the  explosion 
occurred  which  broke  the  lamp.  The  second  explosion  was  caused  by 
the  ascent  of  the  vapor  from  the  burning  oil  on  the  deck,  and  took  place 
when  the  quantity  exhaled  amounted  to  a  tenth  part  of  the  volume  of 
air  present.  The  two  then  suddenly  rushed  into  combination,  producing 
the  efi^cts  that  we  have  mentioned. 

Under  favorable  circumstances  this  lamp  lighted  with  keroseUe  might 
fiave  burned  silently  for  several  weeks,  bnt  in  accordance  with  lie  doc- 
trine of  chances,  time  enough  being  given,  an  explosion  was  inevitable. 
Facts  of  this  kind  in  connection  with  the  difficulty  experienced  in  burn- 
ing mineral  oil  in  light-house  lamps  indnced  the  Light-House  Board  to 
adopt  lard-oil. 

Various  experiments  have  however  been  made  from  time  to  time  by 
the  Li^t-Honse  Bou?d  with  a  view  to  the  introduction  of  petrolenm  as 
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aa  illaminatiDg  material,  as  soon  as  oil  could  Ik  obtained  intiiis  coaatiy 
of  a  snitable  chaiacter,  lard-oil  bavlDg  advanced  in  price  to  sacti  a  de- 
gree as  to  render  this  change  desirable  in  an  economical  point  of  view. 
In  the  mean  time  experiments  had  also  been  made  in  France  and 
England  for  the  purpose  of  introducing  mineral  oil  as  a  light-house  illn- 
minant,  but  it  was  not  until  1873  or  1874  that  the  result  was  entirely 
satis&ctory. 

The  process  of  manafactaring  the  oil  has  been  very  much  improved 
in  tbia  country  of  late  years^  and  there  are  now  several  companies  which 
profess  to  produce  oil  entirely  safe,  and  otherwise  snitable  for  light- 
house purposes.  In  view  of  further  experiments  with  mineral  oil,  an 
advertisement  was  inserted  in  tbe  papers,  in  1874,  reqaestiag  man- 
ufactarers  to  send  samples  of  their  oils  to  be  tested  at  tbe  Light-House 
depot  at  Staten  Island,  and  in  accordance  with  tbia  a  number  of  speci- 
mens were  received  and  submitted  to  examination. 

The  first  test  to  wbicb'  the  oils  thus  ftimished  were  submitted  was 
that  of  flashing,  that  is,  tbe  determinatioD  of  the  temperature  at  wblcb 
the  oil  gives  off  a  vapor  which  will  flash  into  a  flame  on  the  approach  of 
a  small  taper,  or,  in  other  words,  which  indicates  the  rise  of  a  vapor 
which,  mixed  witb  atmospheric  air,  will  tend  to  produce  an  explosion. 
The  flashing  temperature  differs  however  &om  that  at  which  the  liquid 
takes  flre  as  a  whole.  This  will  be  understood  if  we  suppose  that  two 
liquids  have  been  mixed  together,  a  light  and  a  heavy  one ;  tbe  flash  in 
this  case  wUl  be  due  to  the  vapor  from  the  lighter  mixture,  while  the 
burning  is  due  to  the  temperature  at  which  tbe  compoaad  is  fired.  To 
make  this  flashing  test  reqidres  considerable  precautions.  First,  the  oil 
'  to  be  tried  is  gradually  heated  by  a  spirit-lamp  in  a  water-batb,  a  sensi- 
tive tbermometer  being  suspended  in  the  oil  with  the  bulb  slightly  be- 
low the  stu-&ce,  the  beat  of  the  water  is  very  slowly  increased  by  re- 
moving &om  time  to  time  the  spirit-lamp  from  tinder  the  basin  of  tbe 
water-batb  wbicb  contains  the  oil,  and  the  point  of  flashing  is  obtained 
by  passing  over  tbe  surfkje  of  the  oil  a  small  flame  until  tbe  flrst  indi- 
cation of  flash  is  observed.  The  flame  should  not  be  so  lai^  as  to  heat 
the  sur&ce,  and  is  best  produced  by  a  Very  small  jet  of  gas  from  a  glass 
tube  drawn  nearly  to  a  point  and  connected  with  the  gas  pipe  of  the 
bouse  by  a  tube  of  India-rubber,  the  quantity  of  gas  being  regulated  by 
a  stop-cock,  so  that  the  flame  is  a  mere  pencil  of  light  about  a  quarter 
of  an  inch  in  length  and  a  twentieth  in  diameter.  Tbe  basin  which 
contains  tbe  oil  is  about  four  inches  in  diameter,  and  is  sometimes  cov- 
ered with  a  plate  of  thin  ghiss,  tbe  tbermometer  passing  through  an  ap- 
erture in  this  cover,  and  a  larger  hole  being  left  open  in  the  same  for 
inserting  tlie  pencil  of  tbe  flame.  The  basin  containing  the  oil  is  some, 
times  left  entirely  open,  the  cover  being  discarded,  but  we  do  not  think 
this  as  safe  a  method  as  the  other.  Great  caution  mast  be  taken  in 
raising  tbe  temperature  very  gradually,  so  that  every  part  of  the  liquid 
may  have  the  same  heat  and  the  thermometer  tbtis  truly  indicate  the  tem- 
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perature.  If  the  risp  of  the  temperatnre  be  very  sudden,  the  thermom- 
eter will  not  respond,  and  the  real  flashing  temperature  will  be  higher 
than  that  which  is  indicated. 

The  next  test  is  that  of  firing  of  the  mass  of  the  liquid,  which  is  some- 
times 10  or  12  degrees  higher  than  that  of  the  flashing  temperature,  but 
generally  the  two  are  very  near  each  other. 

The  next  test  is  the  determination  of  the  specific  gravity.  This  was 
obtained  by  weighing,  in  a  glass  flask  with  a  narrow  neck,  an  equal 
quantity  of  distilled  water  and  of  the  oil  in  question;  the  ratio  of  the 
two,  reduced  to  water  as  unity,  gave  the  specific  gravity  required.  To 
facilitate  the  operation,  a  flask,  containing  just  1,000  grains  of  distilled 
water,  was  balanced  by  a  permanent  weight.  The  scales  were  tested 
by  doable  weigliing.  The  first  series  of  weighing  was  made  at  the  tem- 
perature of  71°  F.,  that  of  the  apartment  in  which  the  experiment  was 
conducted;  bat  oil  and  other  substances  change  their  balk,  and  conse- 
quently their  specific  gravity,  with  a  change  of  temperature.  It  is 
therefore  necessary,  in  order  that  results  may  be  compared,  that  the 
experiments  be  all  made  at  the  same  temperatnre,  or  reduced  to  a  stan- 
diad  temperature.  The  temperature  formerly  adopted  in  England  for 
specific  gravity  is  62°  F.;  but  in  the  case  of  petroleum,  the  temperature 
of  GOO  has  been  adopted  in  this  country  and  England.  In  the  first  series 
of  experiments  made  with  the  oils  in  question,  the  weighing  was  con- 
ducted at  a  temperature  of  Tio^  as  we  have  said,  namely,  that  of  the 
atmosphere  at  the  time.  A'series  of  experiments  at  a  lower  temper- 
ature was  afterward  made,  in  order  to  obtain  a  correction  by  which  to 
rednce  the  specific  gravity  first  obtained  to  that  of  a  temperature  of  60° ; 
but  as  each  oil  exhibits  a  difierent  rate  of  expansion  by  heat,  the  process 
became  very  laborious.  Experiments  were  therefore  made  to  determine 
the  correctness  of  obtaining  the  specific  gravity  of  the  oils  by  means  of 
a  hydrometer.  This  was  found  to  differ  from  that  obtained  by  weigh- 
ing within  one  per  cent,  and  was  therefore  concluded  to  be  sufficiently 
accurate  for  practical  purposes. 

To  obtain  the  specific  gravity  of  the  oils  by  means  of  a  hydrometer, 
a  vessel  containing,  say,  10  gallons  of  water,  of  a  depth  of  about  11 
inches,  is  provided ;  into  this  are  introduced  several  glass  cylinders  con- 
taining the  oil,  and  into  these  cylinders  the  hydrometers  are  plunged, 
the  levd  of  the  oil  being  so  far  above  the  water  that  the  under  contact 
of  the  surface  of  the  liquid  with  the  scale  may  be  observed.  Before 
inserting  the  glass  cylinders  containing  the  oils  into  tiiis  water-bath, 
the  liquid  is  brought,  by  mixing  ice-water  with  it,  to  the  temperature  of 
60°,  at  which  t^perature  it  may  be  kept  for  a  long  time,  on  account  of 
the  large  quantity  of  the  liquid  and  the  great  si>ecific  heat  of  the  water. 
A  change  of  temperature  may  be  prevented  by  occasionally  adding  a 
small  quantity  of  ice-cold  water,  care  being  taken  to  mingle  the  mixture 
by  stirring.  By  this  process  may  be  obtained  the  specific  gravity  at  60° 
of  a  large  number  of  samples  in  a  comparatively  short  tune.    In  this 
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eooDtry  and  England  the  density  or  relative  weight  of  petroleum  oils  is 
geoerally  expressed  in  terms  of  the  arbitrary  scale  of  Beaom^s,  instead 
of  that  of  the  specific  gravity.  The  following  table  gives  the  eqmva- 
lent  of  the  BeanmS  scale  in  tanos  of  specific  gravity: 

BeammS's  hydrometer  for  liquids  l^hter  Hum  water. 


Degwe^ 

Specific 

Degtew, 

Specific 

Degrees,     SpeciQc 

DegreeH, 

Specific 

BeMD>«. 

gmrity. 

Beaam^. 

gravity. 

Beaom^.    graTity. 

Beaum^. 

parity. 

10 

LOOO 

23 

.918 

36 

849 

49 

.789 

11 

0.993 

24 

913 

37 

844 

50 

.785 

13 

986 

25 

907 

839 

51 

.781 

13 

980 

26 

901 

39 

834 

52 

.777 

14 

973 

27 

896 

40 

830 

53 

.773 

15 

967 

38 

890 

4. 

54 

.768 

16 

960 

29 

885 

42 

tso 

65 

.764 

17 

954 

30 

880 

43 

816 

56 

.760 

18 

948 

31 

874 

44 

811 

87 

.757 

19 

949 

32 

869 

45 

807 

58 

.753 

80 

936 

33 

864 

46 

808 

59 

.749 

21 

930 

34 

859 

47 

798 

60 

.745 

32 

<KU 

35 

ffiA 

48 

794 

"- 

-- 

Another  teat  to  which  the  mineral  oil  was  subjected  was  that  of  a 
redaction  of  temperatore.  For  this  purpose  the  samples  were  placed 
in  au  air-bath  reduced  to  the  temperature  of  25°  F.  At  this  tempera- 
ture several  of  the  oils  exhibited  a  thickened  condition,  especially  those 
of  the  higher  fire-test.  The  apparatus  used  for  this  purpose  was  the 
same  as  that  previously  described  as  employed  in  the  case  of  lard-oil. 

The  next  test  to  which  the  oC  was  subjected  was  that  of  its  liquidity. 
This  test  is  of  some  importance  in  regard  to  lamps  in  which  the  oil  is 
pumped  np  by  machinery,  and  also  as  to  the  solid  matter  in  the  oil.  It 
therefore  gives  a  characteristic  of  the  oil  which  with  others  serves  to 
determine  its  degree  of  impurity.  For  this  purpose  the  same  method 
was  employed  as  that  described  for  determining  the  liquidity  of  laid- 
oiL  The  liquidity  exhibited  by  this  process  was  very  different  in  differ- 
ent oils. 

All  the  experiments  on  the  flowing  of  the  oils  were  made  at  the  tem- 
perature of  the  air,  which  was  firom  72°  to  74P.  In  this  case,  as  wiUi 
lard,  a  marked  difference  was  found  in  the  time  of  flowing  at  difliereat 
temperatures,  and  hence  for  comparison  the  experiments  should  be  made 
at  a  standard  temperature. 

Another  experiment  was  made  to  ascertain  whether  oils  of  higher 
flashing  test  gave  off  a  vapor  at  the  ordinary  temperature  of  tiie  atmos- 
sphere;  for  example,  at  about  70°.  For  this  purpose  a  barometer  tube 
of  about  S3  inches  in  length,  and  an  interior  diameter  of  one-half  of  an 
inch,  was  filled  with  warm  mercury  inverted  in  a  basin  of  the  same 
metal.  The  finger  was  then  placed  under  the  open  month  of  the  tnbe 
in  the  basin  and  the  tube  slowly  inverted  so  as  gradually  to  pass  tiie 
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Tacanm  through  the  whole  length  of  the  column,  and  thus  to  gather  np 
any  particles  of  air  that  might  adhere  to  the  side  of  the  tube;  tJiis  left 
a  space,  when  the  inverted  tabe  was  held  vertically,  of  about  three 
inches  of  the  open  end  of  the  tube  unfilled  with  mercury ;  this  being 
refilled,  the  finger  applied  to  the  open  end  and  the  tube  again  replaced 
with  the  open  end  downward  in  the  basin,  the  va<taum  produced  by  this 
process  was  nearly  as  perfect  as  if  the  mercury  had  been  boiled  in  the 
tube,  or  the  latter  filled  with  the  metal  in  a  vacuum.  After  this,  a  small 
qnantity  of  oil  to  be  tested  was  drawn  into  a  small  glass  syringe,  the 
curved  point  of  which  being  introduced  beneath  the  open  mouth  of  the 
tube  under  the  surface  of  the  mercury,  a  small  quantity  of  the  liquid  was 
injected  into  the  column;  this  rapidly  rose  by  its  levity  to  the  top,  and 
there  a  portion  of  it  fiashed  into  vapor,  as  was  evident  by  the  depres- 
sion of  the  mercuric  column. 

From  this  esjieriment  it  is  evident  that  kerosene,  even  of  a  high  flash- 
ing temperature,  docs  give  off  vapor  at  ordinary  temperature.  It  is 
however  of  so  feeble  tension  that  it  does  not  appear  capable  of  produc- 
ing explosion  nnless  considerable  time  be  allowed  for  its  accumulation. 
It  might  not .  bo  apparent  that  although  vapor  was  given  off  in  a  vac- 
uum, as  in  this  case,  it  would  be  given  off  under  the  full  pressure  of 
the  atmosphere;  but  it  has  been  shown  by  the  experiments  of  Mr.  Dal- 
ton  and  others,  that  vapors  diffuse  themselves  in  a  space  filled  with 
atmospheric  air  with  the  same  elasticity  and  quantity  as  in  a  vacuum, 
time  only  being  required  to  produce  the  effect  in  the  atmosphere. 

The  oils  were  also  examined  as  to  the  remains  of  any  free  acid  which 
they  might  contain,  by  simply  immersing  in  each  sample  a  slip  of  litmus 
paper,  which  was  suffered  to  remain  in  the  liquid  for  24  hours;  under 
this  test  several  of  the  samples  exhibited  a  redness,  denoting  the  pres- 
ence of  an  acid  which  might  corrode  the  metal  of  the  lamps,  also  indi- 
cating the  want  of  a  thorough  washing  of  the  oil  by  an  alkaline  water. 

Another  experiment,  which  was  exhibited  to  us  by  one  of  the  proprie- 
tors of  the  oil  which  has  a  flashing  test  of  abont  140°  F.,  consisted  in 
lighting  a  lamp-wick  charged  with  the  oil  and  plnnging  it  into  a  vessel 
filled  with  the  same.  The  oil  did  not  take  fire,  although  the  combustion 
of  the  wick  was  vigorous,  and,  indeed,  the  flame  was  put  out  when  the 
wick  was  plunged  beneath  the  surface  of  the  oil.  This  experiment, 
which  is  frequently  exhibited  to  the  public,  tends  to  give  a  sense  of 
safety  in  the  use  of  mineral  oil  which  is  at  least  in  some  degree  falla- 
cious. To  illustrate  this,  the  following  experiments  were  made:  First  a 
slip  of  cotton  cloth,  abont  6  inches  wide  and  2  feet  long,  was  saturated 
with  oil  having  a  flashing  test  of  140°,  and  suspended  vertically  fr«m  a 
ring-stand;  a  Ughted  match  was  then  applied  to  the  middle  of  the  length 
of  the  slip,  when  it  instantly  took  firo,  and  burned  with  a  fierceness 
which  was  truly  appalling. 

After  this  two  pieces  of  cloth,  one  of  cotton  and  the  other  of  woolen, 
were  saturated  with  petroleum  and  placed  fiat  on  two  pieces  of  tinned 
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iron  to  protect  the  floor.  On  each  of  these  was  then  dropped  an  ordi- 
aaiy  friction  match  in  a  state  of  ignition.  They  both  broke  instantly 
into  flames,  which  soon  entirely  consumed  the  cloth,  although  hut  little 
air  could  obtain  access  to  its  onder  side,  and  notwithstanding  the  good 
conducting  poVer  of  the  tiuned  iron. 

In  a  similar  experiment  made  with  the  same  cloth  saturated  with 
lard-oil  the  cloth  did  not  take  fire  when  a  Ughtcd  match  was  dropped 
upon  it.  Two  cotton  cloths  the  same  size  were  saturated,  one  with  lard- 
oil,  the  other  with  petroleum,  and  lighted  at  the  same  time.  The  petro- 
leum cloth  was  consumed  in  1  minute  23  seconds:  the  lard  cloth  in  5 


To  render  these  experiments  more  strikingly  appUcable  to  cases  of 
accident  which  might  occur  iu  a  light-house,  a  piece  of  cotton  cloth 
about  2  feet  square,  which  had  been  used  to  vfipe  the  table  on  which 
kerosene  had  been  spilled,  was  crumpled  up  into  the  condition  of  an 
ordinary  dish-cloth  and  thrown  into  a  comer  of  the  room.  When  a 
lighted  match  was  dropped  on  this  it  instantly  took  fire  and  homed 
with  a  fierceness  truly  alarming. 

These  experiments  are  important  in  establishing  the  &ct  that  oils 
which  are  commonly  sold  as  entirely  &ee  from  danger  are  not  really  so. 
They  may  be  safe  from  explosions  at  ordinary  temperatures,  and  in  this 
respect  are  to  be  preferred  to  the  ligbt«r  oils ;  but  when  spread  over  a 
large  surface  they  burn  with  greater  intensity,  even,  as  we  have  seen, 
on  a  surface  of  ice.  Indeed,  the  results  are  so  striking  it  might  be  well 
to  repeat  them  in  the  presence  of  every  light-house  keeper,  in  order  to 
impress  him  with  an  idea  of  the  danger  which  might  be  apprehended  in 
spilling  the  oil  over  his  clothes  or  in  carelessly  dropping  his  matches  on 
cloths  which  had  been  used  in  cleaning  the  apparatus. 

Amoug  the  peculiar  properties  of  mineral  oil  is  its  great  surface- 
attraction  or  power  of  adhering  and  spreading  on  other  stir&ces,  as  well 
as  ascending  wicks  to  a  much  greater  altitade  than  other  oils.  Tliis 
property  is  recognized  by  the  housekeeper  who  finds  the  exterior  of  the 
lamp  covered  with  a  film  of  oil  shortly  after  it  has  been  subjected  to  a 
thorough  cleansing.  It  rises  along  the  interior  surface  of  the  lamp  and 
spreads  over  the  outside.  On  account  of  this  property  it  can  be  freely 
burned  in  lamps  of  which  the  fountain  is  at  a  considerable  distance 
below  the  flame,  and  in  which  no  overflow  is  required  to  produce  a  bril- 
\iimt  combustion. 

A  series  of  experiments  was  nest  made  with  regard  to  the  burning 
qualities  of  mineral  oils  of  diflVrent  densities,  from  which  it  was  inferred 
that  the  lighter  oils  in  lamps  of  the  fourth  order  gave  a  greater  amount 
of  illumination  than  the  heavier  oils,  and,  furthermore,  that  the  latter 
charge  the  wick  more  than  the  former,  irom  which  it  woold  appear  that, 
in  nsing  mineral  oil,  while  safety  should  be  the  prominent  consideration 
on  the  one  hand,  in  the  choice  of  the  material,  regard  moat  be  had  on 
the  other  to  the  illuminating  power. 

In  regard  to  the  relative  photometric  power  o(  lamps  of  the  'same 
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order  chained  with  mineral  and  with  lard  oil,  all  the  ezperimeDts  we 
have  yet  made  od  this  poiut  tend  to  the  cODclasion  that  in  smaUer  lamps 
with  the  more  volatile  oils  a  greater  photometric  power  is  obtained  than 
with  the  same  lamp  when  charged  with  lard-oil;  bnt  with  the  larger 
lamps  the  reverse  is  the  case,  the  lard  giving  greater  power  bnrned  ia 
these  lamps  than  the  mineral  oil. 

An  unexpected  difficulty  arose  in  the  course  of  the  investigations  for 
the  introduction  of  mineral  oils  on  account  of  the  form  of  the  flame. 
While  a  lamp  with  a  constricted  chimney,  like  that  used  in  the  German 
studeot-lamp,  gave  the  greatest  photometrioal  power,  it  was  found  that 
the  shape  of  the  flame  did  not  correspond  with  the  arrangement  of  the 
tens-apparatus,  a  large  portion  of  the  light  being  thrown  upward  toward 
the  sky  and  another  toward  the  earth.  It  was  only  after  a  series  of 
trials  with  chimneys  of  different  forms  and  button -detleotors  that  a  flame 
of  the  best  shape  was  obtained.  To  compare  these  flames  in  actual  use, 
they  were  placed  in  succession  in  a  lighthouse,  with  a  lens  of  the  fourth 
order,  and  the  photometrical  power  determined  at  different  distandes, 
from  a  mile  to  ten  mOes  in  extent,  by  interposing  between  the  eye  and 
the  light  a  series  of  thin  colored  glasses,  until  the  light  was  totally  ex- 
tinguished. It  wEis  found  in  these  experiments  that  some  of  the  flames 
that  had  an  appearance  of  greater  brilliancy  near  by  failed  to  produce 
comparatively  the  same  eflect  at  a  greater  distance.  Having  settled 
upon  the  form  of  the  flame  to  be  used  in  lamps  of  the  lower  orders,  ar- 
rangements have  been  made  for  the  introduction  of  mineral  oils  into  all 
the  stations  in  the  third  district,  at  which  lights  of  the  fourth  and 
smaller  orders  are  at  present  in  use.  The  substitution  of  mineral  for 
lard  oil  however  is  a  matter  of  no  small  difBculty,  and  requires  to  be 
made  with  great  precaution.  An  entire  change  in  all  the  lamps  is  re- 
quired; the  several  parts  of  the  apparatus  which  in  the  ca^e  of  lard- 
oil  lamps  were  united  by  soft  solder  must  now  be  joiued  with  spelter. 

The  importance  of  this  was  evinced  by  an  accident  which  happeued 
in  the  photometric  room  Iq  the  case  of  a  lamp  of  the  fourth  order  under 
trial;  the  heat  unsoldered  an  air-tube  and  let  down  the  oil  from  the  res- 
ervoir on  the  flame,  which  produced  so  fierce  a  combustion  that  it  would 
have  set  fire  to  the  building  bad  it  not  been  of  flre-proof  materials. 

The  gradual  introduction  however  of  mineral  oil  wiU  be  made  as 
rapidly  as  experience  indicates  the  best  and  safest  mode  of  employing 
it.  It  has  already  been  adopted  in  the  smaller  lamps  for  lighting  the 
Mississippi  and  its  principal  tributaries.  The  substitution  however  is 
not  on  account  of  the  superior  quality  of  this  oil  in  comparison  with 
lard,  since  we  think  the  latter  as  an  illuminating  material  is  inferior  to 
no  other  at  present  in  use,  but  simply  on  account  of  the  comparative 
cost  of  the  two  materials. 

The  comparative  cost  of  the  two  materials  will  be  definitely  ascer- 
tained after  we  have  determined  the  best  form  of  lamps  to  be  used. 
Experiments  thus  fiir  have  been  principally  confined  to  the  lower  orders 
of  lamps.  i,,j ,,/  J ,,  LiOOt^lc 
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I.— INTRODITOTOET  NOTE. 

The  aatronomical  life  of  Sir  Willtaw  HEBSOEtEL  covered  forty-two 
years.  Daring  thlB  period  he  published  no  less  than  sixty-nine  different 
memoirs,  whidi  are  scattered  through  the  annual  volumes  of  the  Philo- 
Bophical  TransaotlonB  of  the  Royal  Society  of  London  from  17S0  to  1S18. 

Two  generations  have  passed  since  his  death,  and  we  have  no  readier 
means  of  studying  his  works  than  in  the  original  volumes  of  the  Trans- 
actions, now  become  rare  and  costly.  Students  of  astronomy  and  physics 
are  thus  often  compelled  to  know  his  writings  at  second-hand  from  text- 
books, and  not  in  the  vigorous  and  ardeat  style  of  the  original.  The 
text-books  also  freqaently  qaote  him  incorrectly,  and  have  thus  helped 
to  spread  erroneoos  notions  not  only  of  what  ho  said,  but  of  the  facts 
themselves. 

Hebsohel's  long  life  was  all  too  short,  and  his  assistance  was  too 
small  to  allow  him  to  pat  even  his  published  work  into  a  final  definite 
form.  He  has  once  given  us  a  hint  of  what  he  desired,  and  it  seems 
scarcely  less  than  a  duty  for  his  successors  to  carry  out  his  wishes. 

At  the  end  of  his  memoir  of  1811,  Hebsohel  added  a  synopsis  of  its 
contents  made  paragraph  by  paragraph ;  this  synopsis  (which  is  given  at 
pages  87-89  of  this  work)  serves  to  summarize  and  to  enforce  his  views, 
and  to  condense  his  arguments.  His  style  lends  itself  to  this  condensa- 
tion. The  synopsis  of  6  pages  contains  all  the  material  &cts  of  the 
main  paper  of  67  pages,  and  the  course  of  the  argument  can  be  phunly 
followed. 

In  the  absence  of  an  edition  of  Hebsohel's  collected  works,  a  want 
whose  fiilfillment  still  seems  far  of^  we  have  thought  that  we  could 
hardly  remder  a  better  service  than  to  carry  out  for  all  of  bis  writings 
tlie  idea  which  he  executed  for  only  one.  The  model  has  been  set  by 
himsell  We  have  simply  followed  this,  and  have  given  a  synopsis  of 
each  of  his  memoirs  in  the  Philosophical  Transactions,  following  his  own 
plan.  The  papers  on  astronomical  sabjects  have  been  condensed  by. 
Professor  Holden;  those  on  physics  by  Dr.  Hastinos.  The  works  of 
Hebsohel  published  elsewhere  have  not  been  included  in  the  synopsis, 
as  they  are  comparatively  unimportant  ,  _^ 
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It  is  not  supposed  tbat  such  synopses  as  these  ttUI  replace  the  origi- 
nal memoirs  for  the  professional  astronomer  and  physicist.  The  works 
of  a-  great  philosopher  to  be  truly  mastered  must  be  studied  in  the 
form  in  whiuh  he  gave  them.  Yet  those  who  are  most  famiUar  with  the 
originals  will  find  the  present  volume  most  valuable. 

The  full  subject-index  will  direct  attention  to  special  points..  It  is 
hoped  that  the  work  in  its  present  form  will  be  of  service  in  varioas 
ways,  which  do  not  need  snggestion  here. 

EDWARD  S.  HOLDEN. 
CHAELES  S.  HASTINGS. 

Washington,  October,  1880. 


n. — List  op  the  published  wbitings  of  William  Hebsohbl  on 

ASTBONOMIOAL  SUBJECTS. 
t'N  CHRONOLOGICAI,  ORDER.] 


[BolatiOQ  of  a  prize  qoeBtioo.  ] 

4^«diM'  Dicay,  1799. 
ABtionomical  obwivatioDS  on  tlie  periodical  star  in  CoUo  Celi. 

Phil.  TroM.,  1780,  p.  338. 
Aetroaqmical  obsecvatioua  relating  to  the  monntaiiis  of  the  mtoa. 

Phil.  Tram.,  1780,  p.  SOT. 
AaUonomical  observations  oa  the  rotation  nf  the  planets  ronnd  theic  axes,  made  with 
a  -view  to  determine  whether  the  earth's  dinmal  motion  is  p«rfbotly  equable. 

•      PUl.  IWtw.,  1781,  p.  115. 
Account  of  a  comet.    [Dated  I3th  March,  1761.    This  was  [Traniw.] 

PUl.  Tra/M.,  1781,  p.  492. 
On  the  parallar  of  the  fixed  stars. 

PhiU  Tteau.,  1783,  p.  82. 
Catalogae  of  doable  stars. 

PhiL  Tratu.,  1782,  p.  113 ;  tianslstion  in  Bod^»  JakrhttiA,  1786,  p.  IBT. 
Deaeription  of  a  lamp  micrometer  and  the  method  of  vdng  it. 

Pm.  TraM.,  1782,  p.  163. 
A  paper  to  obviate  some  donbbs  concerning  the  great  mogni^ing  powers  used. 

pm.  Tram.,  1783,  p.  173. 
A  letter  from  William  Herschbi^  Esq.,  F.  B.  8.,  to  Sir  Josefb  Baiiks,  Bert.,  P.  B.  s. 

PUl.  Tram.,  J783,  p.  1. 
Ans  einem  Schreiben  dee  Hm.  Hbrschbi.  an  mich  [Boss],  datirt  London,  den  ISten 

August,  1783. 
[This  is  a  letter  forwarding  HKaacHKL's  memoir  on  the  Parallax  of  the  Fixed  Stan, 

Boi^i  Jakrbiu^  1786,  p.  258. 
On  the  diameter  and  magnitude  of  the  Gwrginm  Sidnt,  with  a  description  of  tho  dark 
and  Incid  disk  and  periphery  micrometers. 

PkO.  i^,^17^^p.  A. 
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On  the  proper  motion  of  the  aim  and  solar  system,  with  an  account  of  several  changes 
that  have  happened  among  the  fixed  stars  since  the  time  of  Mr.  Flamsteed. 

PkiL  Trant.,  1783,  p.  247.     Bod^a  Jakrbuck,  1787,  p.  194,  p.  234. 
AatroDomische  Nachrichten  ond  Entdecknngen  aas  einem  franzosischvn  Schreiben 
desselben  an  mioh  [Bode],  datirt  Datchet  oahe  bey  Windsor,  den  18  May,  1784. 
[This  letter  is  on  the  subject  of  the  nse  of  high  magnifying  powers,  and  gives  a  reawmS 
of  his  recent  papers.] 

Sod^a  Joirftucft,  1787,  p.  211. 
Od  the  remarkable  appearances  at  the  polar  regioos  of  the  planet  Mare,  the  inclina- 
tion of  its  axis,  the  position  of  its  poles,  and  its  spheroidical  figure;  with  a  few 
hints  relating  to  its  real  diameter  and  atmosphere. 

Phil.  Tram.,  1784,  p.  233. 
Acooont  of  some  observations  tending  to  Investigate  the  ooostraotion  of  the  heavena. 

Fhil  Tram.,  1784,  p.  437. 
IBod^a  JahThuch,  178S,  p.  246,  has  a  summary  of  this  paper  by  Baron  von  Zach.    See 

also,  Bod^a  Jahriach,  1794,  p.  213.] 
Catalogne  of  doable  stars. 

Phil.  IVans,,  1795,  p.  40. 
On  the  constmction  of  the  heavens. 

PAU.  IVana.,  1785,p.213.    £oiie'«  JairSttoft,  1788,  p.  238.    See  also  dome,  1787, 
p.  213,  and  1794,  p.  213. 
Aus  einem  Schreiben  des  Hm.  Herbchel  an  mich  [Bodb],  datirt  Clay  Hall,  naho  bey 

Windsor,  den  20  Jul.,  1785, 
[Thisisaletter  forwarding  two  memoirs,  and  giving  the  prices  of  telesoopes.] 

Bod^s  Jahrbuck,  1788,  p.  254. 
Catalogue  of  one  thousand  new  nebal»  and  clusters  of  stars. 

Phil.  Tram.,  1788,  p.  457.    Bod^i  Jakrbueh,  1791,  p.  157,  and  aame,  1794,  p.  213. 
biveatigationof  thetanseof  that  indiatinotiieaa  of  vision  which  has  been  ascribed  to 
the  smallneBB  of  the  optio  pencil. 

Pm.  Tram.,  1786.  p.  500. 
Bemarks  on  the  new  comet  [1786,  II]. 

Phil.  IVow.,  1787,  p.  4. 
[Letter  irom  Hersghbl  to  Bode  on  the  discovery  of  two  satellites  to  Uramu,  dated 
Slough,  1787,  Feb.  11.] 

Bod^a  Jakrhvoh,  1790.  p.  853. 
An  account  of  the  discovery  of  two  satellites  revolving  round  the  Georgian  planet. 
Pkil  jyang.,  1787,  p.  125.    Boie't  Jahrbudi,  1791,  p.  255. 
'  An  acconnt  of  three  volcanoes  in  the  moon. 

PMl.  Trans.,  1787,  p.  229.    Bodef$  JiArbuch,  1791,p.  255. 
Kote  on  M.  M£chaix's  comet.    [  1787,  I.  ]     [Added  to  preceding  paper.  ] 

PhU.  IWm*.,  178T,  p.  233. 
On  the  Gwr^n  plaiKt  and  its  satellites. 

PMl.  Tram.,  1788,  p.  364.    Bod^i  Jahrbuoh,  1793,  p.  104. 
Observations  on  a  comet  [1788,  II.]. 

Phil.  Tram.,  1789,  p.  151. 
Catalogue  of  a  second  thousand  of  new  nebnhe  and  olnsters  of  stars,  with  a  few  in- 
trodnotory  remarks  on  the  construction  of  the  heaveus. 
PMl.  Tram.,  1789,  p.  212.    Bod^e  JoArtucft,  1793,  p.  150.     Also  tamd,  1794,  p.  150. 
Account  of  the  discovery  of  a  sixth  and  ssventh  satellite  of  the  planet  Satitm,  with 
remarks  on  the  construction  of  its  ring,  its  atmosphere,  its  rotation  on  an  axis, 
and  it«  spheroidical  figure. 
JP&il.  Xi-am.,  1790,  p.  1.    B<M»  JahrhuA,  1793,  p.  239;  tame,  1796,  p.  B8;  1797, 
p.2e.  ,  , 
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On  tbe  Botellltea  of  ths  planet  Salwn,  and  the  lotation  of  ita  ring  on  an  axis. 

PkU.  Ihint.,  1790,  p.  «i7. 
On  nebolons  stars  properly  bo  called. 

Phii.  Trant.,  1791,  p.  71.    BoiU/M  JoArhuA,  1801,  p.  128. 
On  the  ring  of  Satmit  and  the  rotation  of  the  fifth  satellite  hpon  its  axis. 

Pha.  IhiM.,  ITftl,  p.  1.    Boihfi  JaSrbwA,  1796,  p.  88. 
MiBCcllaneoaa  observationa : 
[Aocount  of  a  comet],  p.  23  [1792,  I.]. 
[On  the  periodical  appearance  of  o  Cat*],  p.  34. 
[On  the  dtsappeaniDDe  of  the  &5th  Heroafu],  p.  38. 
[Hemarkable  phenomenon  in  an  eclipse  of  the  moon],  p.  37. 

Pha.  IV«M.,  1792,  p.  23. 
Oheerrationa  on  the  planet  FtmiM. 

PkU.  Tran*.,  1793,  p.  201. 
Obserrations  of  a  qnintnple  belt  on  the  planet  Satiint. 

Pkil.  3VaM.,  1794,  p.  28.    Bod<f»  Jahrbudi,  1798,  p.  90. 
Account  of  some  partionlars  obserred  dnring  the  late  eclipse  of  the  sna.     [1793,  Sep- 
tember 5th.] 

-      Pkil,  Trmu.,  1794,  p.  39. 
On  the  rotation  of  the  planet  Saturn  upon  its  axis. 

Pkil  Tratu.,  1791,  p.  48.    Bode"!  Jahrhaak,  1798,  p.  74. 
On  the  natnre  and  conBtraotion  of  the  Ban  and  fixed  stars. 

Phil.  Tfang.,  1795,  p.  46.     Bodffa  Jahrhaek,  II.  Bnppl.  Band,  p.  65. 
Description  of  a.forty-fbot  Kfleotiog  telescope. 

PUl.  Tram.,  1795,  p.  347.    Bod^a  Jahrbuch,  ILL  Bnppl.  Band,  p.  238. 
Additional  obserratione  on  the  comet.     [1796,  I.] 

PHI.  Tram.,  1796,  p.  131. 
On  the  method  of  observing  the  changes  that  happen  to  the  fixed  stars ;  with  some 
remarks  on  the  stability  of  the  light  of  onr  sun.    To  which  is  added  a  catalogon 
of  comparative  brightness  for  ascertaining  the  permanency  of  the  luster  of  stare. 
Phil,  Tran».,  1796,  p.  166.    BoMs  Jakrbvck,  1809,  p.  201. 
On  the  periodical  atar  aHeroulit;  with  remarks  tending  to  establish  the  rotary  motion 
of  the  stars  on  their  axes ;  to  which  is  added  a  second  catalogoe  of  the  compara- 
tive brightness  of  the  stars. 

Pkil.  Traiu.,  1796,  p.  452.    Sod^t  Jakrbuek,  1809,  p.  201. 
A  third  oatalogne  of  the  comparative  brightness  of  the  stars,  with  an  introdnctory 
aoconnt  of  an  index  to  Mr.  FLAMS'mBD's  observations  of  the  fixed  stars,  con- 
tained in  the  second  Tolnme  of  the  Hietoria  Ccolestis.    To  which  are  added  sev- 
eral neefnl  retnlta  derived  from  that  index. 

Pkil.  Trans.,  1797,  p.  293.    Smb's  Jakrbudi,  1810,  p.  143. 
OtiaerTatlona  of  the  changeable  brightness  of  the  aat«lliteB  of  Jupiter,  and  of  the 
Tariation  in  their  apparent  magnitndea,  with  a  determination  of  the  time  of  their 
rotatory  motions  on  their  axes.    To  which  is  added  a  measnre  of  the  diameter  of 
the  second  satellite,  and  an  estimate  of  the  comparative  size  of  all  the  fonr. 

Pftil.  nuM.,  1797,  p.  332.     Bode't  Jahrbueh,  1801, -p.  lOA, 
On  the  discovery  of  fonr  additional  satellites  of  the  Gaorgium  Sidia.    The  retrograde 
motion  of  its  old  satellites  annoanced,  and  the  cause  of  their  disappearance  at 
certain  distances  from  the  planet  explained. 

Phil.  Trana.,  1798,  p.  47.    Bod^a  Jahrbuch,  1601,  p.  231. 
A  fourth  catalogae  of  the  comparative  brightneas  of  the  stars. 

Pkil.  ZViiM.,  1799,  p.  121.     Bod^a  Jahrbuch,  1810,  p.  143. 
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On  the  power  of  penetrating  into  space  by  teleacopes,  with  a  comparative  determina- 
tion of  tho  extent  of  that  power  in  natural  vision,  and  in  teleaoopes  of  varioue 
aizea  and  couatmotiona,  illustrated  Ijy  select  obaervationa. 

Phil.  D~an>.,  180O,  pp.  49-35.    Sode'i  Jahrbiicli,  1S04,  p.  531. 
lareatigation  of  the  powers  of  (ho  priamabio  colora  to  heat  and  Ulnmlnato  olijocte, 
with  remarka  that  prove  the  diSerent  refrangibUity  of  radiant  heat.     To  which 
is  added  an  inqniry  into  the  method  of  viewing  the  sun  advantageoualy  with 
telescopes  of  large  apertures  and  high  magnifying  powers. 

Fhil.  IVdMS.,  1800,  pp.  255-233.    Bod^e  JahrbiKh,  1804,  p.  89. 
Experiments  on  the  ref^anglbility  of  the  inviaible  rays  of  the  sun. 

Fhil.  Trans.,  1800,  pp.  234-293.     Bod^a  Jakrbudi,  1804,  p.  89. 
Experiments  on  tbe  aolar  and  on  the  terreatrial  rays  that  occasion  heat,  with  a  cotH' 
parative  view  ofthe  laws  by  which  lighlanil  heat,  or  rathortherays  that  occasion 
them,  are  subject,  in  order  to  determine  whether  they  are  the  same  ot  different. 
Fhil.  Trans.,  1800,  pp.  293-33IJ,  437-533.     Gilbert  Anna!.,  X.  (1802),  pp.  G8-78; 
some,  Sir.  (1803),  pp.  521-546. 
Observations  tending  to  investigate  the  nature  of  the  ann,  in  Older  to  find  the  causea 
or  symptoms  of  its  variable  emission  of  light  and  heat,  with  remarks  on  the  uso 
that  may  poasibly  be  drawn  froij  solar  observations, 
Phil.  Ti-an^.,  1801,  pp.  21)5-318.     JSodc'ii  Jahrbuch,  1805,  p.  218,  and  1806,  p.  113. 
Uebor  den  7  Xebeldeok  der  Istca  Classe  dcs  Herachel'schen  Verzeichuisa,  untl  ilber 
Ceres  uud  Pallas,  vom  Herm  Doctor  Udrscsbl,  ana  zwey  Briefen  deaaalben. 

Bod^i  Jahrbuch,  1305,  p,  211, 
Additional  observations  tending  to  investigate  the  aymptoma  ofthe  variable  emission 
of  tbe  light  and  heat  of  the  sun,  with  trials  to  sot  aside  darkening  glasses  by  trans- 
mitting the  solar  raya  tbrongh  liquids,  and  a  few  remarks  to  remove  objections 
that  might  he  made  against  aome  of  the  arguments  contained  in  tbe  former  paper. 
Fhil.  Trana,,  1301,  pp.  354-362. 
Obaervationa  on  the  two  lately  discovered  celestial  bodies  ICeres  and  Pallai']. 

Fhil.  Trans.,  1802,  pp.  213-232.    SidtolsonJoarml,  IV.  (1803),  pp.  121)-130, 142- 
148. 
Catalogneof  five  hundred  new  nebnlie,nebulonaatars,  planetary  nebnhe,  and  clnsters 
of  stars,  with  remarks  on  tbe  constmction  of  tbe  beavena. 

Phil.  Trans.,  1802,  pp.  477-628.     Bode'a  Jahrbuch,  1807,  p.  113. 
Obaervationa  of  the  tranait  of  Mercury  over. the  aun's  disk,  to  which  is  added  an  in- 
vestigation of  the  cansea  which  often  prevent  the  proper  action  of  mirrors. 

Fhil.  Trans.,  1303,  pp.  214-232. 
Account  ofthe  changes  which  haveliappesed  during  the  last  twenty-five  years  in  tbe 
relative  situation  of  douMe  stars,  with  an  inveetigatioii  of  the  cause  to  which  they 
are  owing. 

Fhil.  Ti-ani.,  1803,  pp.  339-382.     .Bodc's  Jahrbuch,  1808,  pp.  154-178. 
Continuation  ofthe  acconnt  ofthe  changes  that  have  happened  in  tbe  relative  aitua- 
tioD  of  doable  stars. 

Phil.  Trans.,  1H04,  pp.  353-334.    Bod^s  Jahrbuch,  1808,  p.  226, 
Aos  einem  Schreiben  dea  Herrn  Doetor  Herbchel,  datirt  Slough  bey  Windsor,  den  31 

May,  1804. 
[Relatea  to  his  theory  of  the  relation  between  tbe  aolar  radiation  and  the  price  of 
wheat.] 

Bod^a  Jahrbuch,  1303,  p.  226; 
Experiments  for  ascertaining  how  far  toleacopea  will  enable  as  to  determine  very  small 
angles,  and  to  diatingniah  the  real  from  the  apuriona  diametera  of  celestial  and 
terreBthal  objects,  with  an  application  of  the  resnlts  of  those  expcrimcnta  to  a 
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Beriea  of  obeerrationa  on  tlie  nstore  and  magnitude  of  Mr.  HARDHia'e  lately  dis- 
covered atar  [Juno,  (1804)]. 

Phil.  IVan».,  1805,  pp.  31-70, 
On  the  direction  and  Telocity  of  the  motion  of  the  mm  and  solar  Bfstem. 

PhU.  Trant.,  1605,  pp.  233-256.    Bod^»  Jahrbm^,  IT.  SappL  Band,  p.  G7. 
OliHerratiaiiB  od  tlie  Bingalor  fl{;iire  of  the  planet  Saturn. 

Phil.  Tram.,  1803,  pp.  272-280.     Bod^i  Jahrbuck,  1809,  p.  197. 
On  the  quantity  and  Telocity  of  solar  motion. 

Phil.  Trang.,  1606,  pp.  206-237.    Bod^s  Jahrbtwh,  1811,  p.  324. 
ObBervationa  and  remarks  on  the  figure,  climate,  and  atmosphere  of  iSalunt  and  i1« 
ring, 
Phil  Trant.,  1806,  pp.  45&-4S7.     Gilbert  A*mI.,  XXXIT.  (1810),  pp.  82-105. 
Bodies  Jakrbuch,  1810,  p.  228. 
Experiments  for  inTOstigating  the  cause  of  the  colored  concentric  ri:^  discovered  by 
Sir  I.  Kewtos  between  two  object  glasses  laid  one  upon  another. 
Phil.  Trane.,  1807,  pp.  180-233.    Annat.  de  Chimie,  LXX.  1809,  pp.  154-181, 
233-.T21 ;  same,  LXXL  1809,  pp.  5-40. 
OhservationH  on  the  nature  of  the  new  celestial  body  [  Fetta]  discovered  by  Dr,  Oiaers, 
and  of  the  comet  which  was  expected  to  appear  last  January  in  ita  retnm  from 
the  sun.    [1303,  U.l 

Pha.  Trant.,  1807,  pp.  260-2C6. 
Obserrations  of  a  comet  [1807,  I.]  made  with  a  view  to  inTestigate  its  magnitude  and 
the  nature  of  its  illumination,  to  which  is  added  an  account  of  a  new  irregnlarity 
lately  peiceiTcd  in  the  apparent  figure  of  the  planet  5a(iim. 
Phil.  Traat.,  1803,  pp.  145-163.     Gilbert  Aanal.,  XXXTI.  (1810),  pp.  389-393. 
Zaok  Uoaal.  Corresp.,  XX.  (1809),  pp.  512-514. 
Continnation  of  esperiments  for  investigating  the  caofie  of  colored  concentric  rings 
and  other  appearances  of  a  similar  nature. 

Phil.  2V«n».,  1809,  pp.  259-302. 

Supplement  to  the  flrst  and  second  part  of  the  paper  of  experiments  for  investigating 
the  cause  of  colored  concentric  rings  between  object  glasses,  and  other  appear- 
ances of  a  similar  nature. 

Phil.  Trant.,  1810,  pp.  149-177,     Gilbert  Annal.,  XL VI.,  1814,  pp.  22-79. 
Astronomical  observations  relating  to  the  construction  of  the  heavens,  arranged  for 
the  purpose  of  a  critical  examination,  the  result  of  which  appears  to  throw  some 
new  light  upon  the  organization  of  the  celestial  bodies. 

Pha.  IVoM.,  1811,  pp.  269-333.     Joam.  de  Phyg.,  IJLXV.,  1819,  pp.  121-167, 
Observations  of  a  comet,  with  remarks  on  the  construcdon  of  its  diflbrent  parts. 
£1811,  I.] 

PhU.  Tram.,  1812,  pp.  115-143.    Jonrn.  de  Phyt.,  LSXVII.,  1813,  pp.  125-135. 
Zach  Monal.  Correip.,  XXVUL,  1(JI3,  pp.  455-4C9,  558-668.    Bod^t  JoArfrndk, 
1816,  p.  185. 
^Jbservationi  of  a  second  comet,  with  remarks  on  its  coustmction.     [1811,  IL} 

Phil  Trant.,  1813,   pp.  ^9-237.    A'icholaon  Joum.,  XSXV.,  1813,  pp.  193-199. 
Bod^t  Jahrbveh,  1816,  p.  203. 
JLstnmaniical  observations  relating  to  the  sidereal  part  of  the  heavens,  and  its  eon- 
neolian  with  thenebnlons  part,  arranged  forthe  purpose  of  a  critical  eiaminition. 
Phil  Tram ,  1814,  pp.  248^84.    Bcd^t  Jahrbueli.  1818,  pp.  97-118. 
A  teriea  of  observations  of  the  satellites  of  the  Georgian  Planet,  including  a  paaaofte 
through  the  node  of  thefr  orbits,  with  an  introdnct«ry  account  of  the  teleaoopio 
apparatus  that  bas  been  need  on  (his  occasion,  and  «  final  ezpontion  of  some  cal- 
culated partionlars  deduced  from  the  observations. 

PAil.  IhiM.,  1815,  pp.  293-362.    JSodB**  JdftrbwA,  1819,  pp.  232-843. 
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Astronomical  oliaervations  and  e^perimeat 
ment  of  the  celestial  bodies  ia  space,  i 
of  the  Milky  Way. 

Fkil  Tram.,  1817,  pj 

Astronomical  observations  tiiid  experimem 
the  lelative  distanoea  of  clusters  of  sta 
of  OUT  telescopes  may  be  expected  to  r 
one  celestial  objects. 

On  the  places  of  one  bandred  and  forty-fivi 
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[ariunged  alphabet 

pj.  B.  Ja  general,  tha  uoUces  at  his  lifa  to  be  fooi 


ATago(F.) 

Analyse  de  la  vie  et  dea  travanz  de  S 
£ureau  d^  Longilsdet,  1B42].    Parti 
[See  also  the  Annuaire  fot  1834 
donhle  stars.] 
Arago(E.) 

Blograpbiea  of  Distingnished  Sclenti 

SuTTH.Eer.  B.  Fowbix,  and  Eobi 

First  series,  p.  258.    Boston,  1 S 

Herschei,    [Translated  &om  the  Fiei 
Smithsonian  Report.    1870,  p.  197. 
Auwera  (A.) 

WiLUAM  Herschbl's  Teizeichnisse  vo 
Ton  A,  AUWEKS. 

From  the  KSnigeberg  ObMnatio 
Bewl  (F.  W.) 

Sir  WuxiAM  Herschel.    [Prom  the  J 
37,  et  teq.,  reprinted  in  his]  Abhartdl 
Bniluu.  (C.) 

Earoukb  Lucbbtia  Berscbbl,  ans  d 
D'Arreat  (H.  L.) 

Verzeichniss  Ton  Sir  William  Hesscb 
a/aa  den  Beobachtnngen  bereohnet  '■ 
AblumSlangm  d.  Math.  Fkyt.  C 
Band  iii  [1857]  p,  359. 
BonkiiL  (E.) 

Obitnary  Notices  of  Astronomers,  p.  86 
81i  WiLLiAu  Herschel,  E.  C.  H., 

London,  1879.    ISmo.  n,g;,.,;dty  CoOt^lc 
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y^tia  {F.  J.) 

Biographie  nniverselle  des  inusicieas  [article,  Herschxi.] 

Paris,  1835-37.    8vo. 

Forbes  {J.  D.) 

Sir  William  Hbrsghel  [being  f  3  of  DlMertalioit  t1.] 

Encycloptedia  Britanmca,  eightli  edition.    ToL  I,  Diturtafunu,  p.  636. 
Fourier  (J.) 

i^Ioge  bistoriqne  de  Sir  William  Herschbl,  prononc^  dans  la  sconce  pabliqaa 
del'Acaddmieioyaledes  BcieacesleT  Jnin,!)^. 

Siitttire  de  VAcadimie  So'jaU  de»  Sdauxade  VlTiglilnt  it  Fraiux,  Utmeyi,, 
annie  1823,  p.  Isi. 

Harding  (C.  L.) 

Des  Herm  Dr.  Herschel's  Unteisiichaiigen  iiber  die  Nator  der  Sonnenetralilea, 
ana  dem  engliachen  tlbersetzt.     Erstes  Heft.   [Tranalations  from  Phil,  Trata., 
1800.]    Celle,  1801.     IGmo. 
Herscliel  (Oarolina.) 

An  Acconnt  of  a  new  Comet.     [1T8C,  II.] 


Herscbel  (Carolina.) 

An  Acconnt  of  the  Diacorer;  of  a  Comet.    [1793, 1.] 


Fhil.  Trant.,  17Sr,  vol.  77,  p.  1. 


Phil.  Thtiu.,  1794,  vol.  84,  p.  1. 

Herichel  (Carolina.) 

An  Account  of  tlie  Discovery  of  a  Comet.     [1795, 11.] 

Fhil.  Tram.,  1796,  vol.  86,  p.  131. 

Herscliel  (Carolina.) 

CatalogQO  of  Staia  taken  from  Flamsteed's  obaervationo  contained  in  the  second 
TOlome  of  hisHiatoria  Ceelestis,  and  not  inserted  in  theBritiBh  Catalogue;  to 
-which  is  added  a  collection  of  errata  which  ehonld  be  noticed  in  the  tssne 
volume ;  with  remarkB  by  W.  Hersciux.    Lond<m,  1798.    Folio. 
Henchel  (Carolina.) 

YerzeiohniHH  von  74  Stemen  Flamsteeds  von  denen  heiue  Beobachtnngen  in  der 
Siat.  Cal.  Brit,  vorkommea. 

Boi^i  Jaiirlmeh,  1806,  p.  255. 
[Herschel  (Carolina.)] 

[Notice  of  her  life.  ] 
Monthly  Notices  Boy.  Ait.  Son.  vol.  8,  p.  64 ;  aUo  Memoira  Boy.  Aet.  Soc,  vol. 
17,  p.  120. 

Hertohel  (Carolina.) 

MecQotr  and  Coirespondence  of  Caroline  Herschel.  By  Mrs.  John  Herecbbi. 
With  portraits.    London,  1876.     12ino. 
Herschel  (J.  F.  W.) 

Article  Telescope,  iu  EneyclopEsdia  Britannica,  eightli  edition.   [This  article  {illna- 
trated)  gives  most  of  the  important  features  of  Sir  William  Hehscbel'8 
manner  of  grinding  and  polishing  specula.] 
Herschel  (J.  F.  W ) 

Catalogue  of  Nebolee  and  Clusters  of  Stars.  [General  and  systematic  rednction 
of  all  Sir  W.  Herschel's  observations  brought  into  connection  with  aUother 
similar  ones.] 

PHI.  TrflM.,  1864.    P^e  1.    4tO. 

Herschel  (J.  F.  W.) 

A  synopria  of  all  Sir  William  Hebschel's  micrometrical  measurements,  etc.,  of 

Donble  Btars,  together  with  a  Catalogue  of  those  Stars    ...    .    for  1380. 

Mem.  Boy.  Ait.  Soc,  vol.  xxxv,  p.  81.    London,  1867.    4toN ''•^'^^^v'^ 
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HerMhel  (J.  T.  W.) 

Additiani^  Identifioations  of  Donlile  BtaTs  in  tlie  Sfnoptic  Cartalognes  of  Six  Wn.- 
TiAJt  HsBSCHKL'a  Miorometrioal  MeBanieinenls,  etc. 
JfontiUjf  KoHcei  Bog.  Aat,  Sob.,  vol.  xxTiii,  p.  151.    London,  1858.    8vo. 

Henohel  (Hn.  Jolm,) 

Memoir  and  Correspandence  of  CA.ROLINE  Herschbl.    With  poitriuts.    London, 
1876.    mmo. 
Hersohel  (W.) 

[Solation  of  a  prize  qnestion.] 
LadUif  Diary,  1779. 
Herschel  (W.) 

The  favorite  Ecoho  Catch    .    .    .    and  the  preceding  Glee  [by  8.  Leach].    To 
'Which  is  added  the    .    .    .    Catch  Snng  by  Three  Old  Women    ...    in 
the  Pantomime  called  "Tlie  Genlns  of  NonaeiiBe"  Ihy  H.  Haekington]. 
London,  1780  (t)    Obi.  folio. 

Heraoliel  (W.) 

Gffiiingea  Magazin  der  Witemehaften  nnd  Literatur  (1783),  vol.  iii,  p.  4.    Lichten- 

BERO  AND  FORSTER,  EdltOrS. 

[Letter  from  Hebschbl,  giving  a  brief  aocoont  of  hia  life.] 

Hersohel  (W.) 

I.  MaKvaoripU  Jn  potaet^n  of  the  Royal  Sociely. 

1.  A  series  of  register  sheets  in  which  are  entered  np  all  tha  obserrationB  of 
etich  nebnla,  copied  verbatim  from  the  sweeps.  2.  A  similar  set  of  register 
sheets  for  Mbssibk'b  nebnlie.  3.  A  general  index  of  the  S,508  nebula  of  W. 
Hebschel  ;  given  the  class  and  nnmber,  to  find  the  general  nnmber.  4.  An 
index  list ;  given  the  general  number,  to  find  the  class  and  nnmber.  5.  A 
more  complete  list,  like  4.  G.  Amannscript  catalogaeof  allthenebnlieand 
clnsters,  reduced  to  1800  and  arranged  in  zones  of  1°  in  polar  distance;  by 
Utas  Carolina  Herschel.  7.  The  original  sweeps  with  the  30-foot  re- 
flector at  SloQgh,  in  thieo  small  quarto  and  four  folio  vols,  of  MSS. 
H.  ManuKripH  in  po»tei»io»  of  the  Boi/al  Jilronotnical  Soi^ty. 

This  library  contains  "the  whole  series  of  autograph  obeervationa  of  each 
double  star  [observed  bj  Hebschbl],  brought  together  on  separate  sheets, 
by  Sir  William  Herschel  and  Miss  Carolina  Herschel." 
[Herschel  (W.)j 

Some  acconntof  the  life  and  writings  of  WiLUAuHsBBCaEL,  Esq.    [With  a  por- 
trait.] 
The  European  Magazine  andXoiidon  Benieio  for  Janaary,  1735.    8vo. 
[Herwjhel  (W.)] 

ISinbrngh  Ewfcw,  vol.  i,  p.  426. 

[A  review  of  Hbrschel's  memoir  "Observations  on  the  two  lately  dkcov* 
ered  bodies,"  D;om  PUL  Traia.,  1802.] 
[Hersohel  (W.)] 

"  Sir  William  Herschel,  from  a  London  paper." 

[This  is  a  short  obitnary  notice  "fomishedby  a  gentleman  well  aoqa^nt^d 

with  Sir  William  and  his  family,  and  its  accntaoy  may  be  telied  on."] 
Sileif  Btgiiter,  voL  23,  p.  154,  November  9, 1822,     8vo, 

[Herschel  (W.)] 

Obituary:  Sir  William  Herschel,  Ent.,  LL.D.,  F.R.S. 

Tht  Gentleman's  Magazine  and  Sittorioal  Chroniele,  vol.  xcii,  1822,  p.  S74.   Svo. 

[Henohel  (W.)] 

MKHal  Efigiiter,  WZi,  p.  am.    Bvo.  ij,j,,,  .ji',  L.00QIC 
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[Senchel  (W.)] 

W.  Herschel's  SSmmtliohB  Sohrifben.    Erstet  Band.    Uebet  dea  B&n  des  Htm- 
mela.    Mit  10  Knpfertafela.    [Edited  by  J.  W.  Pfaff.    A  second  edition  was 
pDblisbed  in  1B50.]    Dresden  and  Leipzig,  1838.    Svo. 
[Hendid  (W.)] 

2fev  ForkMrTW,  vol.  yi,  1889-^,  p.  388. 
[Hexadtel  (W.)] 

Living  Age,  vol.  ii,  p.  135,  (1844).    8to.    [Eepiintodfrom  Clumter^  JotoTtal.] 
[H«ioltel  (W.)] 

Foreign  Qaarlerlg  Badew,  vol.  31,  p.  438.    Svo. 
[Eeview  otARAGOfa  "Analyae  de  1a  Yie  et  des  Trftvaiix  de  Sir  Whjjaic 
Hkbschel."] 
[Herschel  (V.)] 

Arago's  Life  of  Eeuschet. 

EeleoHo  Mateum,  \ol  ii,  p.  556.     [Eeprinted  ftom  tbe  Foreign  Qaarlerlg  Ee- 
vitm,  ToL  31.] 
Holden  (E.  S.) 

On  tbe  inner  satellites  of  Uranua.    [Bcdaotion  of  Sir  William  Herbchbl's  ob- 
servatioQB.] 
Proeeediagi  Amer,  As»n.  Adv.  (Science,  AugmH,  lB7d,  p.  40.    8vo. 

Holden  (E.  S.) 

Index  Catalogne  of  Books  and  Uemoira  Telatire  to  nebulie,  clostera,  etc.    Smitli- 
eonian  MUeellaneoua  ColleeHone,  No.  311,  pp.  19-38.    [Abstracts  of  Sir  Wiluau 
Hebschel'3  memoirs  (on  nebnle)  in  tbe  PMkiiopkieal  Tratuactions.} 
Waabington,  1377.    Svo. 
Holden  (K  a) 

Sir  William  Eerschei,  his  life  and  works.    New  York,  1861.    12  mo.  (with  a 
pottrait.) 
Kraflt  (J.  G.  P.) 

Knxie  Nocbiicht  von  dent  beriibniten  Aatrniiomen  HSRSCHIX  nnd  einigen  seiner 
Entdeokungen. 
Bayrentb,  1787.    8yo. 
Feiioe  (0.  S.) 

Photometric  Beeearcbos.    [A  reduction  of  HEBacaEL's  obaervaticHia  on  tbe  com- 
parative brightness  of  the  stars.]    AitnaU  Hartard  College  Obeervatorj/,  vol.  is. 
Leipzig,  ISra    4to. 

Sommer  (0.  H.) 

Wdjj&M  HKEtSGHEL    ■    ■    ■    neber  den  Ban  des  Himmels;  drei  abhandlungen 
;.     '  ans  dem  englischen  nebersetzt,  nebst  einem  anthentiscben  AuBzag  ans  Eaxis 
allgemeiner  Naturgeschiehte  und  TbeurLo  des  Himntels. 
Eunigsbei^,  1791.    8vo. 

StruTe  (W.) 

£!tndes  d'aatTonomie  stellaire.    Sor  la  Toie  lact£o  et  but  la  distanoe  des  jtoilea 
fixes.     [P.  24  et  Kq.  contains  an  elabm^te  review  of  tbe  constmction  of  the 
heavens  aocordlng  to  Heeschel.]    St.  Petersburg,  1847.    Bvo. 
Wolf  (E.) 

WiLUAU  Herscbel.     Zurich,  1837.     Svo. 

Ziu;h  (F.  Ton.) 

Dr.  William  EebbChel  [translated  from  Pablio  Characters  and  printed  in  Zacq's 

Monatlioh  Corre^ondenz,  1803,  part  I,  p.  70,  ef  wg.]  C  lOtWiC 
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rV. — List  op  the  published  pobteaits  of  William  Heeschel. 

Artat,  Mme.  Dupiebt.    Engraver,  ThOnebt.    8vo.    Early  portrait.    Some  copies  id 

red.    Profilo. 
ArlUl,  F.  KKHBDiia.     Engraver,  F.  Vf.  B0LU5GBX.     8vo.     Late  portrMt. 

ArHil, 1    Eagracer,  C. 'Wnstr.RXultt,    8to.    Medallion. 

Artist,  C.  Beakd.    Engraver, 1    Svo.     Litbognipli. 

ArtUt, 1    Engraver,  J.  Sewkll.    8vo.    Ptoflle,  1785, 

Artiat, 1    Engraver, 1    8vo.    Profile. 

Artiat,  F.  BoSJJaviu^E.    Engraver,  F.  Boxxivillk.     Bvo.    Profilo. 

Artist,  3.  KnsSKlJ,  E,  A.    Engraver,  E.  ScniVKN.    8vo.    Engraved  from  a  orayoa  in 

the  possesaion  of  his  son,  ind  published  by  the  S.  D.  U-  K.  in  the  Gallery  of  Por- 

iraila,  vol.  5. 
Artist, 1    Engraver, 1     8vo.    European  Magaziae,  Jan.,  1785.     This  U  a 

bust  in  pioiilo  showing  the  loft  side  of  the  face. 
Artist, 1    Engraver,  Thomson.    Gvo.     Published  by  Caston,  1823.     This  mnst 

havo  been  engraved  bufoie  ItJlG,  sinco  tlie  legend  is  WUXIAU  EBBaCHRL,  LL.  D., 

F.  K.  S. 
ArUtl,  Lad;  Goitiio:<.    From  th«  paintiut  by  Abbott  in  the  National  Portrait  OaUery, 

Engraver,  JoSGi-H  Brown.    Svo.    Pnbhslted  in  memoir  of  Carolinb  Eebschbu 

This  is  of  the  date  I7d8,  or  thereabouts. 

Arliil, 1    Engraver,  C.  MCltxr.     4to.    Medallion.     1785(1 

Artiil, 1    Engraver,  S.  PisBAB.    Ito.     Legend  in  Eusaian. 

Artist,  BuscB.     Engraver, T    4to.    Lithograph. 

Artist,  H.  GBfvKDON.    Engraver, 1"   FoL    Lithograph. 

Artist, 1    Engraver,  F.  MOllbr.    Fol. 

Artist,  Abbott.     Engraver,  Rsder.    FoL     1738. 

Jr(M(,  J.  Boiu,y.    Eagracer, 1    (■'ol.     1822.    Lithograph. 

Artiat, T    Engraver,  3.  GODttY.     Fol. 

B.  W.  S.  LuTwiDaK,  Esq.,  T.  B.  A.  S.,  hM  an  original  seal  with  *  head  of  SitWiluah  Hebschel, 
which  la  shown  on  the  titio-pa^  of  this  work.  A  cot  of  it  haa  been  coiirt«on»lj  (Omi»lied  me  by  JOH» 
Baovrnnio,  Esq.,  F.  B.  A.  S.,  etc. 

In  176Tabiiatof  Heiigciiel  wsa  made  by  Loceie  for  Sir  William  TVatbon. 

A  pictuie  or  HeiiscBsl  wig  pnlated  bf  Mr.  Aetaud  about  the  bcginaing  of  1SI9.  A  portmlt  of 
Hkubcbki,  by  Abbott  ia  in  the  Nalionol  Portrait  Gallery,  London.  There  are  no  donbt  many  other 
pointings  in  England,  thongh  lean  tlndnoticBa  of  these  only.  TbelEoynl  Society  oF London  hoenearij 
B  hnudred  portraita  of  its  most  distingnished  meinbeiB,  but  owna  none  of  Sic  WuxiAH  HbesCBEl. 


v. — STNOPSIS  dp  THE  SCIENTIPIC  WEITIHGS  OF  WlLLIAM  HEESCHEL. 

Abstracts  of  William  Hersohel's  Memoirs  in  the  Plulosophical  Transac- 
tions of  the  Boyal  Society  of  London. 
AD.   rot    p. 

1780  70  338  Attronomkal  observatiim*  on  tU  Periodical  Star  in  Colio  Cell  By  Ux. 
William  Herschel,  of  Bath,  oommniiicated  by  Dr.  Watson,  Jr., 
of  Bath,  F.  E.  8.    Ecad  May  11,  1780. 

338  Thisstaiiso  Cefi,  and  was  first  observed  by  David  Fabricidb,  August 

13,  1596. 
333    Hebschel'b  observations  begin  1777,  October  20. 

339  J?  Celi  is  brighter  than  a,  which  indioates  a  change  since  Batsr. 

340  2'  (of  arc)  "is  hardly  safflciently  Urge  to  distinguish  a  sqnara  &om  a 

341  "  The  periodical  star  preceded  a  very  obsonre  telescopic  star  "  !'«&'.  IB. 
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Herschel,  W. :  Synopsis  op  thk  Whitings  of— Continued. 
AD.     Vol   P. 

17aO     70    341    This  measare  repeated  1' 50".47. 

342  This  meaaure  repeated  1'  53".437. 

343  Tills  measure  repeated  1'  50" .625. 

342  Tliis  measure  repeated  1'  45".937. 

343  "  Macpehtcis  accounts  for  tie  periodical  appoaraucea  of  changeable 
*  Htare  by  supposing  that  they  may  be  of  a  flat  form,  like  Satnm's 

ring,  which  becomes  invisible  when  the  edge  is  presented  to  na." 

343  This  star  "appeared  always  full  and  round  when  I  viewed  it  with  a 

tele^coxie";  this  is  not  necessarily  opposed  to  Maupertuis'  explana- 
tion on  account  of  the  aberrations. 

344  "  Keill  says  '  it  is  probable  that  the  greatest  part  of  this  star  is  cov- 

ered with  spots  and  dark  bodies,  some  part  thereof  remaining  Incid; 
and  while  it  turns  about  its  axis,  does  sometimes  shew  its  bright 
part,  sometimes  it  turns  its  dark  side  to  us,  etc' " 

1780  70    607    Astronomical  Observationa  relating  to  the  moimiaina  of  ili4  Moott.    By  Mr. 

HERsCHEL,of  Bath.   Communicated  by  Dr.  Watsox,  Jun.,  of  Bath, 

F.  E.  S.    Head  May  11,  1780. 
COS    The  method  nsed  by  Hevklil's  and  others  to  find  the  height  of  a 

moantain  in  the  Moon  explained.    Fignre  I. 
509-513  Quotations  &om  Galileo,  Hevklius,  Lalande,  Febgusox,  and 

613    Explanation  of  the  method  used  by  Hbrscoel. 

513  The  instrument  nsed  was  a  Newtonian  reflector  6  feet  8  inches  fooal 

length,  (nsual),  magnifying  power  322  diameters,  the  aperture  nsed 
was  four  inches.  "  I  believe  that  for  distinctness  of  vision  this  in- 
strument is  perhaps  equal  to  any  that  was  ever  made." 

514  Observations  in  detail  irom  November  30,  1770,  to  February  19,  I7d0. 

517  "  From  these  observations  I  believe  it  is  evident  that  the  height  of 

the  lunar  mountains  in  general  is  greatly  overrated;  and  that  when 
we  have  excepted  a  few,  the  generality  do  not  exceed  half  a  mile 
in  their  perpendicular  elevation," 

518  "  One  caution,  I  would  beg  leave  to  mention  to  those  who  may  use 

the  excellent  3j  feet  refractors  of  Mr.  DoiJX>KD.  The  admirable 
quantity  of  light,  which  on  most  oeoasions  is  so  desirable,  will  prob- 
ably give  the  measure  of  the  projectiotL  somewhat  larger  than  the 
true,  if  not  guarded  against  by  proper  limitations  placed  before  the 
object-glass." 

519  Continuation  of  the  same  observations  1760,  March  11 — March  10. 
Kt2    Additional  memoradda  of  tbo  manner  in  which  Mr.  Hebbchei.  made 

his  observations  taken  from  a  letter  of  his  to  the  Astronomer  Boyal. 
Plate  XI  contains  live  figures  (dlagrums)  to  illustrate  the  methods  of 
observation. 

1781  71     115    Astronomical  Obieroallont  on  therotation  of  the  planets  r<ntiii  tieiriaea, 

made  toith  a  view  to  determine  whether  the  earth's  divrnal  mot'umis per- 
fectly equahle.  In  a  letter  from  Mr.  William  Heeschei.,  of  Bath,  to 
William  Watson,  M,  D.,  F.  R.  S.    Itead  Januaiy  11,  1781. 

115  While  every  oueof  the  motions  of  the  earth  that  arise  &om  the  octionB 

of  the  Bun,  moon,  and  planets,  etc.,  have  been  ifivestigated  by  as- 
tronomers, there  is  one  motion  which  has  hitherto  escaped  the 
somtiny  of  observers — the  dinmal  rotation  round  its  axis. 

116  The  reason  why  this  has  not  been  looked  into  is  probably  the  difil- 

cnltyof  finding  a  pro]ier  standard  to  measure  it  by;  since  it  is  itself 
the  standard  by  which  we  measure  all  the  other  metions.^-,    - 
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A.D.     F«l,    P. 

1791      71    116    "Wo  Iittvo  no  cause  to  snspect  any 

110  Aberration  Tvonld  forever  have  r 
becQ  found  out  \>f  other  metlioi 

117  No  tlme-kc«pei  will  moaauro  snch 
to  compare  the  dluruol  motion  < 

117  The  ditirual  rotation  of  tUo  eartl 
that  of  the  other  planets  is  likel 
thought  of  estimating  the  dinru 
hy  that  of  another,  malting  eac 

117  Such  a.  teat  might  detect  a  retardi 
ofa  very  subtle  roodiitm  in  whiol 
or  any  aeooleratioa  from  some  c 

117  The  common  account  of  the  diurni 

too  inaccorate  for  this  critical  [ 
required. 

118  Man  was  the  moat  suitable  plane 

on  Jvpiter  change  their  places, 
black  congeriea  of  vapors  and  < 
of  Jupiter. 
118  The  bright  spots  also,  though  they 
plter,  may  undergo  some  change 
ored  or  uncovered,  on  onis  side  or 

118  The  same  bright  spot,  not  auspecl 

hy  one  set  of  ohaervatious  9''  51' 

113    The  analogy  of  the  trade-wiuds  c 

irregularities  of  JupifeHs  revolu 

119  If,  with  CASSiNt,  we  suppose  his  ri 

spots  that  I  have  observed  mas 
60°  of  Jupiter's  equator  in  2-i  of 
in  the  clouds  is  not  nnparallelei 
atmosphere. 
119  The  spots  on  Mars  are  of  a  diffen 
tennined  shape,  as  well  as  rem; 
maneut,  and  fastened  to  the  bo 

119  Bnppoae  that  we  can  determine  n 

or  is  not  in  the  line  which  joins 
tCT  of  that  planet  to  half  an  ho! 
we  shall  in  30  days  have  tbe  r 
three  months  to  20".  An  inf  erv 
sition)  will  give  the  diurnal  mc 
ISO  Had  snch  observations  as  these  I 
might  uoiv,  by  repeating  them 
with  some  curloua  minute  chai 
unnoticed. 

120  Tho  difference  between  the  poll 

earth  ia  by  actual  mcasui'eme 
which  it  should  seoai  probabl 
present  form  tho  diurnal  rotati 
at  present.     But  I  would  not  1 

121  The  telescopes  used  were  of  ray 

Newtonian  reflector,  a  10-feet  i 

feet  reflector  already  mentlonei 

121    The  time  was  determined  with  a 

rying  a  telescope  magnifying  4 
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Herschel,  W.:  Stkopsib  of  the  Wkitinos  of— Continued. 

A..  D.     Vol.     P. 

1781     ?1    121    Two  very  good  clocks  were  need ;  one  liavtng  a  deal  pendulnm  rod. 

and.  one  a  coniponnded  one  of  braaa  and  iron,  both  having  a  proper 

contrivtutce  not  tostop  when  winding  up.    The  rate  of  going  of  my 

clocks  I  detennined  by  the  transit  of  stars. 

121    Observations  on  Jwpiter  in  tbe  year  1778.    Febraary  34— April  12. 

(See  Plate  V,  Figs.  1  to  12,  drawings  of  Jupiter.) 
133    ObBervatioQS  on  JapiUr  in  1779.    April  14— April  23.    See  Plate  T, 

Fig.  13  [misprinted  18]. 
124    Comparing  the  observations  two  and  two  the  following  times  of  one 
synodical  revolution: 
gii  54™  56>.4  Jrom  an  interval  of  17  revolutions; 
EM*  SS"  30«    from  an  interval  of  12  revolutions ; 
gb  55m  24*    from  an  interval  of  15  revolutions;  , 

gb  r,5ni   41.6  fl-OQj  an  interval  of  41  revolutions; 
gti  55111 40>     from  an  interval  of    1  revolution ; 
9b  54™  58.,3  from  an  interval  of  29  revolutions  j 
9*1 54"  53".4  from  an  interval  of  26  revolutions; 
^  51"  35'     from  an  interval  of  12  revolutions ; 
9I1  ^\m  45.5  from  an  interval  of  12  revolutions ; 
gh  sQin  48t     lidn,  m,  interval  of  10  revolnlions; 
911 5i.ia  i9<,4  from  an  interval  of  33  revolutions;    combining    the 
two  preceding. 
ISS    These  several  results  are  so  various  that  it  ia  evident  that  JnptUr  ia 
not  a  proper  planet  for  this  critical  purpose.    This  great  variety 
cannot  proceed  from  iuaecurocy  in  the  observations;   for,  in  my 
opinion,  it  is  not  possible  to  make  a  mistake  in  the  position  of  a  spot 
which  shall  amount  to  5  minutes  of  time,  as  was  proved  by  the  ob- 
servation of  April  23,  1779.  ^ 
126    The  synodical  revolutions  have  not  been  redooed  to  sidereal  ones. 
ISX    By  a  comparison  of  the  difFereuC  periods  it  appears  that  a  spot  grad- 
ually perforois  its  revolntious  in  less  time  ihan  it  did  at  first.    Ex- 
amples of  this  are  given. 

126  This  is  consonant  with  the  theory  of  equatorial  winds, 

127  Observations  on  Mara  in  the  year  1777.    (April  8 — April  37. )   See  Plate 

VI,  Figs.  14—19,  drawings  of  Mars. 

128  Observations  on  Mare  in  the  year  1779.     (May  9 — June  17.)    Figa. 

20—23,  drawings  of  Mart. 

130  Comparing  the  observations  of  1779  two  and  two  the  periods  are: 

24"  38"  J'.5  from  an  interval  of  3  revolations ; 
241.34m  i',5  from  an  interval  of  2  revolutions; 
24''  38"  5".9  from  an  interval  of  36  revolutions; 
24''  38"  5'.4  from  an  interval  of  38  revolutions ; 
24t  38"'  20'.3  from  an  interval  of  34  revolutions. 

131  Method  of  reducing  synodic  revolutions  to  sidereal  (see  Fig.  24,  diar- 

gram). 

133  Tbe  sidereal  periods  ftom  observations  of  1777  and  1779  are: 

S4''  39"  23'.03  from  an  interval  of  768  revolntions; 
24*  39"  1&.94  from  an  interval  of  76^  rovolulionn; 
24"  39"  23*.04  from  an  interval  of  763  revolutions. 

134  24''  39°>  31*67  the  adopted  sidereal  TevolnHon  of  Mart  on  his  axis. 

[PboCTOk'b  value,  34"  37"  2^.715.]    •  L.OOQIC 
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ITSl  71  134  Consideration  of  three  eonrces 
whole  number  of  revolutioiiB 
wlien  a  apot  comes  to  a  cert 
the]  time  may  be  in  error. 
■IK  A  mistake  in  the  whole  revolnt 
the  concladed  rotation  time, . 
shows  that  no  such  mistake  1 
The  second  oanBe  of  error  ia  c 
likely,  aa  is  shown  by  the  res 
made  by  placing  dots  within  < 
positions  of  t^o  dots  correspo 
10,  15,  and  20  minntes  distaii 
to  Tarioua  peraoDB,  who  all  Bg 
side  of  the  centre. 
136  The  time  was  satisfactorily  de 
mnch  so,  as  I  was  th«i  not  p: 

136  Allowing  for  this,  the  oncertai: 

estimated  at  not  above  2*.34. 

137  An  ephemeris  of  the  times  of  a^ 

been  calculated  for  1781  [and 

138  Observation  of  the  beginning  a 

24,1778. 

1781  71  493  Account  of  a  Comet.  [The  plant 
S.,  commanicated  by  Br.  W. 
April  26,  1761. 

492  "On  Tuesday,  March  13  [178i; 

while  I  was  examining  the  e 
Geminomm,  I  perc«iTed  one  1 
rest.  Being  struck  with  its  n 
S  Geiainorum  and  the  small 
and  Gemini,  and  finding  it  so 
pe«ted  it  to  be  a  comet." 

493  The  magnifying  power  used  "'< 

By  applying  higher  powers  (J 
increased  in  proportion  to  tl 
st.ars  to  which  I  compared  it 

494  Ueasnres  of  the  comet's  diameti 

vary  from  3"  53"'  to  5"  30"'. 
494  "By  experience  I  have  fonnd 
occasioned  by  magnifying  m 
safBciently  distinct,  is  raUtei 
bo  rednced  when  the  angles  t< 

496  Distance  of  the  comet  from  oertj 

these  stars  and  the  comet  in  I 

497  Position-angles. 

498  Mjscellaneons  observations  and 
March  19 :  It  moves  according  t 

declines  bnt  very  little  from  t 
April  6:  The  comet  appeared  j 
tremely  well  defined. 
496    Remarks  on  the  path  of  the  coti 

499  The  field  of  view  was  bright,  tl  f  ,-^,-^^\r. 

nig:i7r\1  ty  ^^jtlOQIt 
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1761     71    500    Description  of  a  Micrometer  for  taking  tha  angle  of  position.    (8«a 
Plate  XXVI,  figa.  1, 2,  3,  i.)  ■ 
Thia  is  tbe  modem  form. 

1782  73  63  On  tlie  PardOax  of  the  Fixed  Stan,  by  Hr.  Hbrscbel,  F.  B.  S.  ;  com- 
manicated  by  Sir  Josepd  Banks,  Bart,,  P.  II.  S.  Bead  December 
6,  1781. 

83  Tbe  nearest  of  the  fixed  stare  cannot  bo  leas  tban  40,0X1  diameters  of 

the  wbole  annnal  orbit  of  tbo  earlli  distant  from  ns. 

63  As  we  cannot  enlarge  this  base,  wo  can  only  endeavor  to  improve  the 
instiamenta  by  wbicb.  we  measaro  the  parallax. 

63  To  measnie  small  angles  with  accuracy  two  things  are  necossarf:  1st, 
that  the  inatmment  nsed  for  the  purpose  should  be  divided  with 
eufflcionteiactnes-s;  and  2d,  that  the  telescope  shonld  have  an  ade- 
quate power  and  distinctness. 

63  The  first  condition  is  (now)  practically  fnlfillcd.  The  chief  difflcnlty 
is  in  the  optical  part.  To  see  1"  with  precision  requires  a  telescope 
of  Tery  great  perfection. 

63  Even  supposing  the  parallaxes  of  atara  not  to  amount  to  single  sec- 

onds, or  even  thirds  [A"]i  ^^  observations  necessary  to  show  thid 
woii)d  still  have  valne, 

84  The  next  step  necessary  to  consider  in  this  nndertakiDg  was  the  man- 

ner of  putting  it  Into  execution. 

64  The  method  proposed  by  Gaule*,  and  attempted  by  HooK,  FLUf- 

STKED,  MouKEUX,  and  Bradlev,  of  meaamiug  zenith  distances  of 
stars  which  pass  close  to  the  zenith,  thongh  it  failed  with  regard 
to  puallax,  has  been  productive  of  the  miuit  noble  discoveries  of 
another  nature. 
84  Bradlst  <in  Phil.  Tran*.,  No.  406,  p.  G37)  concludes  that  the  par- 
allax of  ^  Draooni*,  or  of  ij  Uram  Majorit,  "is  not  so  groat  as  one 
single  second." 

86  y  Drawnu  is  a  bright  third  magnitude,  and  the  conclusion  that  sev- 

eral anthors  have  reocherl,  that  the  parallaxes  of  stars  in  general  do 
not  exceed  1",  does  not  appear  to  me  to  follow  from  the  obeervations. 
For  aught  we  know  to  the  contrary,  the  stars  of  the  first  magnitada 
may  still  have  a  parallax  of  several  seconds. 
66  The  method  of  zenith  distances  labors  under  the  following  ooneidero- 
ble  difScnlties:  In  the  first  place,  the  refractions;  2d,  the  changa 
of  position  of  the  earth's  axis,  arising  from  natation,  precasuon, 
and  other  causes,  is  not  completely  settled;  3d,  the  aberration, 
though  bast  known  of  all,  may  also  be  liable  to  some  small  erron. 

87  I  shall  now  deliver  tbe  method  I  have  taken  and  show  that  it  is  free 

from  every  error  to  which  the  former  is  liable,  and  is  still  capable 
of  every  improvement  the  telcscoite  and  mechanism  of  micrometera 
can  furnish. 
87  Let  OandE  (&g.  1)  betwo  opposite  pointaof  the  earth's  orbit,  in  tho 
same  plane  with  two  atars,  a  and  b,  of  unequal  magnitude.  Let  tbe 
angle  aOb  be  observed  when  the  earth  is  at  O,  and  aEb  when  thu 
earth  isatE.  From  the  diCFcrcncc  of  these  angles  we  may  ealcnlate 
the  parallax  of  the  stars.  These  two  atarsought  tobeaaneoreacli 
other  as  possible,  and  also  differ  as  mach  in  magnitade  as  we  caa 
find  theuL 
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1783      72      88    Galilbo  wtts  the  first  who  suggested  this  method;  but  he  does  not 

observe  that  the  atara  BhouJd  be  so  near  to  each  other  as  thereby  to 

preclude  the  influence  of  every  cause  of  error. 
68    This  method  has  been  also  mentioned  by  other  authors.    Dr.  LONG 

observed  y  Ar-ietU, «  Getainorum,  8  OrionU,  and  y  Virginia,  and  "  was 

persuaded  that  they  would  be  found  always  to  remain  Che  same." 

88  Every  one  of  these  stars  are  [rio]  totally  improper  for  the  purpose;  for 

the  stars  in  y  Arietie  arc  near  JO"  distant,  and,  moreover,  equal  in 
magnitude.  In  a  Geminorum  the  stars  aie  near  enough,  but  do  not 
sufficiently  differ  in  magnitude  to  shew  any  parallax.  The  stars 
in  the  Nebula  of  Orvm,  on  account  of  .their  extreme  smallness  of 
distance,  are  still  more  improper  than  any;  and  those  of?-  Virginia 
are  eqnal  in  luagnitnde. 
68  The  magnifying  powers  used  hy  Gaulbo  and  Long  were  too  small, 
not  above  60  or  70. 

89  From  a  great  number  of  ohservationa  which  I  have  already  made  on 

seyeral  double  stars,  especially  e  BoSti»,  it  appears  that  we  can  afBnn 
the  annual  parallax  to  he  exceedingly  smalHndeed;  and  that  there 
]s  a  great  probability  of  succeeding  stUI  farther  in  this  laboriona 
but  delightful  research,  so  as  to  be  able  at  last  to  say,  not  only  how 
much  the  annual  parallax  is  not  but  how  ntDch  it  really  u. 

90  I>iBous«ion  of  the  effect  of  re&action  on  such  measures. 

91  Too  much  has  hitherto  been  taken  for  granted  in  optics.    Why  the 

method  (of  experiment)  should  not  he  more  pnrened  in  the  art  of 
seeing  does  not  appear. 

9S  We  are  told  that  we  gain  nothing  hy  magnifying  too  Mucft,  I  grant 
it ;  hnt  shall  never  believe  I  magnify  too  much  till  by  oiperienoa 
I  find  that  I  can  see  better  with  a  lower  power. 

9S  Teleecopos  will  in  general  discover  more  small  stare  the  more  light 
they  collect,  yet  with  a  power  of  VSJ  I  cannot  see  the  small  star 
following  oAquihx,  when  by  the  same  telescope  it  appears  very 
plainly  with  the  power  of  460.  Now  in  Uie  latter  case  the  light 
is  lees  than  the  fourth  port  of  the  former. 

93    Other  similar  oases  noted  and  the  names  of  the  small  state  given. 

93  Great  power  may  be  favoi'dble  in  cases  where  two  stars  are  close 

together.  Figs.  2-5  show  a  Lgrte  with  powers  460,  3,010,  3,168, 
and  6,450  with  my  Newtonian  reflector. 

94  A.  new  micrometer  has  been  invented,  which  will  be  described  in  a 

subsequent  paper. 

94  The  powers  that  may  be  naed  upon  varions  double  stars  are  different 

according  to  their  relative  magnitudes;  e  SoStie,  for  example, 
will  not  boar  the  same  power  as  a  Geminorwa. 

95  I  have  always  found  a  single  eye-glass  had  mnch  the  snperiority 

over  a  double  eye-glaas,  both  in  light  and  distinctness.  I  would 
except  those  cases  where  a  large  field  is  necessary. 
95  If  we  would  distinctly  perceive  and  measure  extremely  small  quan- 
tities, such  as  a  tenth  of  a  second,  it  appears  that  when  we  nse  a 
power  of  460  this  tenth  of  a  second  wilt  he  no  more  in  appearance 
than  46",  and  even  with  a  power  of  1,500  will  be  but  2'  30",  which 
is  a  quantity  not  much  more  than  sufficient  to  judge  well  of  ob- 
jects and  to  distinguish  tbem  from  each  other,  snob  as  a  circlo 
from  a  square,  triangle,  oi*  polygon. 

3h  i.u,,..ji,L.oogle 
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nta  72  96  [Foot-note.]  B;  a  set  of  experiments  mndo  in  1774  I  fbnnd  that  I 
conld  discover  or  perceive  m  bright  object,  aach  as  white  paper, 
»gainBt  the  skylight  when  it  sabtended  an  angle  of  35",  bnt  could 
only  distingDiBh  it  to  be  a  ctKle,  and  no  other  flgoie,  when  it  ap- 
peared under  an  angle  of  2'  34". 
96  We  moat  look  for  distinctness  in  the  perfection  of  the  object  apecn- 
Inm  of  a  telMcopo,  and  if  we  can  make  the  flint  image  in  the 
foona  of  a  specolum  almost  as  perfect  as  the  real  object,  what 
ahonld  hinder  our  magnifying  bat  loss  of  light  T 

96  The  stars  having  light  sufflcieat,  I  see  no  reason  why  we  ahonld 

limit  the  powers  of  onr  instrument*  by  any  theory. 

97  In  this  research  it  became  necessaty  to  look  out  for  proper  stare.    I 

tooksomepaiD8t«  find  out  what  doable  starahad  been  recorded  by 
astronomers,  but  my  situation  permitted  me  not  to  consult  eiten- 
sive  libraries.  Nor  indeed  was  it  very  material ;  for,  as  1  intended 
to  view  the  heavens  myself,  Natai«,  that  great  volume  appeared  to 
me  to  contain  the  best  catalogue  npon  this  occasion. 
OT-8  Enumeration  of  »  few  double  stars  which  were  known  when  this 
research  began. 

98  If  I  shonld  mention  any  observations  that  exe  difScult  to  he  verified 

I  beg  the  indulgence  of  observers.  I  hope  it  wiU  be  found  that  I 
have  safSciently  guarded  against  optical  illusions,  and  that  I  have 
all  along  hod  truth  and  reality  in  view  as  the  sole  object  of  my 
endeavois. 

99  In  the  observationB  of  the  tUttaiteet  of  donble  stars,  I  have  used  two 

ways.  Those  which  are  extremely  near  to  each  other  may  be  esti- 
mated by  the  eye  in  measures  of  theii  own  apparent  diameters. 
Such  estimations  are  accurate,  as  is  shown  by  experiments  with 
circles  drawn  on  paper  near  together. 

100  I  havedivlded  double  stars  intoseveral  classes.  Class  I  contuns  the 
most  difflcnlt. 

160  These  being  the  most  delicate  objects  it  will  not  be  amiss  to  go  grad- 
ually through  a  few  preparatory  steps  of  vision. 

100  Examples  of  such  preparatory  steps  given. 

101  These  donble  stars  are  a  most  excellent  way  of  trying  a  telescope. 

101  Class  II  of  donble  atara  contains  all  those  that  are  proper  for  estimA- 

tiona  by  the  eye,  or  very  delicate  measnTes  of  the  micrometer.    Se« 
fig.  6  of  a  Gtminarum. 
103    Estimations  made  with  one  telescope  cannot  be  oompated  to  thooft 
mads  :nth  another. 

102  Whatever  may  be  the  cause  of  the  apparent  diameters  of  the  stars, 

they  are  certainly  not  of  equal  magnitude  with  the  same  powers 
in  different  telescopes,  nor  of  proportional  magnitnde  with  differ- 
ent powers  of  the  some  telescope.  . 
108    Class  III  oont*ins  all  donble  etan  tuora  tliao  6"  and  less  than  I&" 

•snoder. 
lOa    Class  IV  contains  double  stars  15"  to  30"  asander. 
Class  V  contains  donble  stars  30"  to  60"  asunder. 
Class  TE  contains  donble  stars  60"  and  over  asunder. 

103  Tbeae  may  serve  another  very  important  end.    I  willjnst  mention  It, 

thongh  it  is  foreign  to  my  present  purpose.  Several  atora  of  the 
first  magnitnde  have  been  observed  or  suspected  to  have  a  proper 
motion  of  tbeir  own ;  hence  we  may  surmise  that  onr  mu,  with 
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all  iU  planets  and  comete,  ma;  alBO  have  a  motioa  toward  aomo 
particular  point  of  the  heavens.  If  this  BUTmiae  should  have  any 
foundation  it  will  ahow  itself  in  a  series  of  some  years  in  a  kind 
of  systematical  parallax  or  change  due  to  the  motion  of  the  whole 
Bolar  syetera. 

17B2      73    104    Theory  of  the  annual  parallax  of  double  stars;  General  Fostnlata; 
1.  Let  the  stars  be  supposed,  one  with  another,  to  be  about  the  slz« 

104  9.  Let  the  difference  of  their  apparent  magnitndee  be  owing  to  theii 
different  distances,  so  that  a  star  of  the  2d,  3d,  4th  magnitude  is  2, 
3,  4  times  as  for  off  as  one  of  the  first. 

104  [Foot-note.]  This  is  rather  the  order  into  which  stars  onght  t«  be 

divided  than  that  into  which  they  ore.     And  perhaps  we  onght  to 
make  an  allowauca  for  some  loss  which  may  happen  to  the  light  of 
very  remote  stars  in  its  passive  through  inmiense  tracts  of  space 
most  probably  not  quite  deetitnte  of  smne  very  snbtle  mediom. 
I  have  usually  found  very  email  teleacopie  stars  to  be  red,  ot  inclined 

105  Case  of  the  parallax  of  stars  in  the  eoUplio. 

106  The  following  general  expression  for  the  parallax  of  two  stars: 

Let  Pexpress  the  total  parallax  of  a  fixed  star  of  the  first  magnitude; 
M  the  magnitude  of  the  largest  of  the  two  stars ;  m  the  magnitude 
of  the  smallest,  andjp  the  partial  parallax  to  he  observed  by  the 
ohoDge  in  the  distance  of  a  double  star ;  then  willp  ^  "^  '  ^ 
and  p  being  fonnd  by  observation  will  give  ns  P  =  ■  ^    ™  ■ 

107  Cases  where  the  stars  are  not  in  the  ecliptic. 

1783  73  113  Catalogue  of  Donblt  Stars.  By  Mr.  Hkbscbel,F.E.  6.,  communicated 
by  Dr.  Watsojj,  jnn.    Read  January  10, 1783. 

113  Introdnotory  remarks.  The  catalogue  contains,  I.  The  names  of  the 
stars,  etc.  II.  Their  comparative  size.  III,  Thoir  colors.  IV,  The^j 
distances,  which  are  given  several  different  ways.  Those  estimated 
by  the  diameter  can  hardly  be  liable  to  an  error  of  so  much  as  0".35. 
Those  measured  by  the  micrometer  may  have  errors  from  1"  t^i  3". 
A  new  micrometer  [Lamp-Micrometer,  P.  T.,  1782,  p.  163],  made 
within  a  few  months,  gives  measures  which  can  be  relied  on  to  0".l 
wlum  a  mean  of  three  measures  is  taken.  V.  The  angles  of  position; 
when  measured  they  can  be  relied  on  to  3°  or  3°.  VI.  The  dates  of 
discovery, 

115    Catalogue  of  Double  Stars ;  First  Class  [34  stars]. 

120  A  Draconis :  "  It  is  in  vain  to  look  for  thorn  if  every  circumstance  is 
not  favorable.  The  observer  as  well  as  the  instrument  must  have 
been  long  enough  out  in  the  open  air  to  acquire  the  same  tempera- 
tare.  In  very  cold  weather  an  hour  at  least  will  be  required;  but 
in  a  moderate  t«mperatnre  half  an  hour  will  be  snffioient," 

19S    Second  Class  of  Double  Stars  [36  stars], 

138    ;  Sagittm  t  the  unall  star  brighter  with  460  than  with  337  or  278. 

129    Third  Class  ofDonble  Stars  [4G  Stan], 

131  7  Delphini :  "  I  suspect  a  motion  in  one  of  these  staia.  I  thought  it 
beat  not  to  Join  other  observations"  to  those  of  1779. 

136    Fonrtb  Class  of  Double  Stars  [44  stars], 

148    Fifth  Class  of  Double  Stars  [51  stars].  u,j  ,,   j  i,  L.OOglC 


OZS  BIBLIOGEAPHY  OF  HEBSCHEL'S  WBITINGS. 

Henohel,  W.:  Stkopbis  ov  thb  Wbitings  of— Continued, 

J..D.    Till.     P. 

17S2      72    143    iBoSiU;  "  I  suspect  a  motion  in  one  of  the  HtarH,ivhich  another  year 
or  two  may  show." 

143  V  DraoonU :  "  From  the  position  in  FLiJaSTKED'a  catalogue"  we  gather 
that  in  his  time  their  distance  was  ■<•*■.  Tbe  difference  in 
the  distance  of  the  atara  is  bo  considerable  that  we  can  hardly  ac- 
connt  for  it  otherwise  than  by  admitting  a  proper  motion  in  one  or 
both  of  the  stars  or  in  our  solar  system ;  most  probably  neither  of 
the  three  is  at  rest." 

147  aLyrae :  I  hnve  often  measured  the  diameters  of  the  fixed  stars,  and 
fonnd  they  measiired  less  and  less  the  more  I  magnified.  With  a 
power  of  6450  I  looked  at  this  star  for  at  least  a  qnarter  of  an  hour, 
'  •  •  liaving  experimentally  fonnd  that  the  aberration  by  this 
means  will  appear  less  and  leas,  a  Lyns  was  perfectly  round ;  ita 
diameter  was  0".3553. 

150    Sixth  Class  of  Doable  Stars  [66  Btars]. 

150    oCeti:  "I  can  hardly  doubt  the  motion  of  this  star." 

157  Postscript  to  the  Catalogue  of  Double  Stars. 

Since  delivering  the  paper  on  the  Parallax  of  the  Fixed  Stars  [PAi7. 
Trant. ,  1782],  in  which  I  refer  to  the  above  Catalogue  of  Doable  Stars, 
Ihave  receivedapaper  of  Mr.  Mater's  "DenoviainC<EloBidereoplue- 
nomenia  "  wherein  I  see  that  the  idea  of  ascertaining  the  proper  mo- 
tion of  the  stars  by  means  of  small  stars  near  large  ones  has  induced 
tliat  gentleman  before  me  to  look  ont  for  snch  small  atars.  My  view 
being  that  the  annual  parallax  required  stars  much  nearer  than 

158  those  that  would  do  for  Mr.  M&ter's  purpose,  therefore  I  exam- 
ined the  heavens  with  mnch  higher  powers,  and  looked  out  chiefly 
for  those  that  wore  exceedingly  close.  The  above  catalogue  con- 
taina  269  double  stars,  227  of  which,  to  my  present  knowledge,  have 
not  been  noticed  by  any  person.  I  hope  they  will  prove  no  incon- 
siderable addition  to  the  general  stock,  especially  as  there  are  a 
great  many  which  are  out  of  the  reach  of  Mr.  Mayer's  and  other 
mural  quadrants  or  transit  instmments. 

■  158    A  power  of  70  or  80  was  not  enough  for  the  stars  of  Class  I  nor  even 

those  of  Class  II. 

158  In  settling  the  relative  situation  of  very  close  double  stars  neither  Mr. 

Matbr's  instrument  nor  his  method  were  adequat^i  to  the  purpose. 

159  Comparison  of  the  measDTOs  uf  M.\.ti:r  and  Hersciiel  on  a  Getai- 

"Mr.  Ma.ter:  Distance,  9".635  from  center  to  center;  position,  23° 
14' n.  preceding ;  magnitude,  extremely  unequal.  Mine:  Distance, 
5".156,  diameter  included;  position,  :}2°  47' n.  preceding^  magni- 
tudes, a  little  unequal."  [See  Fig.  fi,  Plate  IT,  for  a  cut  of  the  ap- 
pearance of  tliis  star  with  power  of  460.] 

160  Idonotmeanto  depreciate  Mr.  Mayer's  method;  with  stara  of  Classes 

IT,  V,  VI,  and  some  of  Class  III,  better  can  hardly  be  wished  ior; 
it  is  not  sufficient  for  stars  of  Claaa  II,  much  less  for  those  of  Class  I. 

161  I  have  Dsed  the  expression  "double  star"  in  a  few  instances  of  Class  TI 

In  lather  an  extended  signification.  I  preferred  tliat  expression  to 
any  other  snch  as  comes,  companion  or  satellite,  because,  in  my 
opinion,  it  is  much  too  soon  to  form  any  theories  of  small  stais  re- 
Tolving  lonud  large  ones. 

162  I  shall  not  fail  to  take  the  first  opportunity  for  looking  ont  f&r  lliose 

of  Mr.  Mayeii's  double  stars  which  I  have  not  iu  my  catalogue, 
antonnting  to  31,  and  also  for  [another  in  Connaiseaace  des  Terns]. 


BIBIilOGRAPHT    OF   HEESCHEL'S   WBITIHGS.  529 

Hersohel.  W.:  Stnopsib  of  the  Wbitingb  of — Contimned. 
A-D.    Tol.    P. 

ITBi     72    163    De»oriptim  of  a  Lamp  Mitnmeter,  and  the  inethod  of  utiug  it.    By  Ur. 
William  Hbrschxl,  F.  R.  6.    Read  January  31,  1782. 

163  Theimperfectionsof  the  parallel  wire  micrometerin  taking  the  meas- 

ureB  of  close  double  stars  are  [described] ;  Ist,  that  the  meaanres 
mDBt  include  the  diam ten  of  the  stars ;  Sd,  the  deflection  of  the  light 
on  the  wires  [single  thieads  of  the  Bilk-worm  were  need] ;  3d,  the 
uncertainty  of  the  zero ;  4th,  the  imperfection  of  the  screw ;  Ztb, 
the  necessary  illomination  of  the  field. 

164  The  Lamp-MioTiymeler  is  &ee  from  all  these  defects.    DeeoriptioD  and 

reference  to  Plate  V, 
168    The  powers  of  Hbbscbel's  telescopes  were  [at  this  time]  determined 
hy  looking  at  a  scale  with  one  eye  fiee  and  the  other  at  the  instru- 

16B    DeBoiiption  of  the  method  of  observing. 

170  "A  little  practice  in  this  bHsineaa  soon  makes  it  easy,  eHpeoially  to  one 

who  has  already  been  msed  to  look  with  both  eyes  open." 
Example  of  the  measure  of  the  position  of  a  HerctUit. 
("My  telescope  hears  a  power  of  460  so  well  that  for  a  twelvemonth 

past  I  have  hardly  used  any  other.") 

171  "A  power  of  932  on  fine  evenings  is  very  distinct,"  and  gives  more 

than  half  an  inch  to  a  second  on  the  Lamp-Micrometer. 

171  Other  applications  of  this  micrometer  are  to  the  measnree  of  the  di- 
ameters of  the  planets  and  satellites,  the  monntains  of  the  moon, 
the  diameters  of  the  fixed  stars,  etc. 

171    Example  of  the  measnreof  the  diameter  of  a  XyrtB  [diuneter  0".3563. 

171  Nov,  28,  1781.  I  measnred  the  diameter  of  the  new  star  [  Unraiu]. 
The  diameter  of  this  "singular  star"  was  5" .003. 

1782      72    17-3    A  paper  to  obviate  some  thiibti  conofniiNp  the  great  magnifying  powers 
lued.     By  Mr.  Hbrschbl,  F.  R.  S. 
[In  the  form  of  a  letter  to  Sir  JOSEPH  Banks,  Prest.  R.  S.] 

173  I  have  the  honor  of  laying  befbre  yon  the  result  of  a  set  of  measures 

I  have  taken  to  ascertain  once  more  the  powers  of  my  Newtonian 
7-feet  reflector. 

174  The  method  described.    The  solar  foons  of  one  of  the  eye-pieces  was 

measnred  five  times  and  foond  to  be  1.01,  1.04,  1.09,  1.01,  1.05  in 
half-inch  measure.  The  sidereal  foons  of  my  7-feet  specnlmn  in  the 
same  measure  is  170.4.  The  mag.  power  of  that  lens  is,  then,  163.8. 
This  eye-lens  was  then  compared  with  others  hy  measures  of  the 
diameter  of  a  brass  wire  [details  of  the  experiment  given]. 

175  Powers  as  they  have  been  called  in  my  pajiers,  146,  227,  S78,  460, 754, 

932,  1159,  1536  [this  lens  lost  6  months  ^o],  2010,  3168,  6450. 
Powers  as  they  come  oat  by  this  method,  163.86,  250.7,  301.8,  496.7, 
775.1,  986.7,  1179.9,  — ,  2175.8,  2585.5,  5786.8. 

175  Description  of  the  method  formerly  need  to  determine  these  powers :  In 

1776  a  mark  of  whit«  paper  exactly  half  an  inch  in  diameter  was 
viewed  at  the  greatest  convenient  distance  with  the  least  magnifiers. 
An  assistant  was  placed  at  rectangles  in  a  field  at  the  same  distance 
and  npon  a  polo  there  erected  I  viewed  the  magnified  image  of  the 
half  inch  which  was  marked  by  my  direction.  The  power  thus  ob- 
tained was  corrected  to  reduce  it  to  what  it  would  be  npon  infinitely 

176  distant  objects.  The  powers  of  the  rest  of  the  lenses  I  dednced 
from  this  by  a  camera  eye-pieos.    [See  ^M^YI,  figs.  1  and  2.] 
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1782  72    176    TheinconvBnieniieof  the  first  method  is  that  we  find  out  how  much 

the  telescope  »\imld  mogut^  rather  than  how  maoh  it  reallf  datt 

177  To  ptevent  any  miatakeB  I  wish  to  mraitioii  again  that  I  have  all  along 
proceeded  experimentally  Id  the  nee  of  mj  powers,  and  that  I  do 
n9t  mean  to  say  I  have  used  6450  (or  5786)  upon  the  planets,  or  even 
apon  double  stars.  The  use  of  high  powers  is  a  new  and  imtrodden 
path,  and  in  this  attempt  variety  of  new  phenomena  may  be  ex- 
pected, therefore  I  wish  not  to  be  in  a  haBt«  to  make  general  con- 
clnsions.  I  shall  not  fail  to  poraiie  this  subject,  and  hope  soon  to 
be  able  to  attack  the  eelestJaJ  bodies  with  a  still  stronger  armament 
which  is  now  preparing. 

1783  73        \    A  Utter  from  William  BeracKel,  e«q.,  F.  B.  S.,  to  Sir  JOSEPH  Banks, 

Bart.,  P.  R.  S. 
1    The  name  Georgian  Sidv*  proposed  for  the  new  star  discovered  in 
March,  1781.     iVranju.] 

1783  73  4  Oh  lAe  Diameter  and  Magtntade  of  ttie  GeorgiamiSidui ;  witkadacr^ttmi 
of  the  dark  and  lueid  diik  and  periphery  micrometer*.  By  Wnxuic 
Hebbcekl,  Esqr.,  F.  E.  8.     Eead  Hovember  7,  1788. 

5  The  measures  of  the  diameter  of  the  Georgium  SidH»  formerly  commu- 

nicated give  4"  36t"'.  But  not  being  satisfied,  when  I  thought  i]b 
possible  to  obtain  much  more  accniate  measures,  I  employed  the 
lamp  micrometer. 

6  A  lucid  disk  and  not  two  Incid  points  was  really  required,  and  the 

following  apparatus  was  contrived.     [Description  follows.]    The 

6  planet  was  kept  by  a  good  screw  oppoute  and  covering  illuminated 
oiled  paper  disks,  and  the  sizes  of  these  measnied. 

7  Observfttious  on  the  Light,  Diameter,  and  Magnitude  of  the  Oeorgimiit 

SidM.     [From  Oct.  22,  1781,  to  Nov.  4,  1782.] 
/  7    Oct.  22, 1781,  "bad  a  fine,  bright,  steady  light,  of  the  color  of  JKpUN-, 

or  approaching  to  the  light  of  the  moon." 
6    Oct.  3,  1783,     "The  planet  unexpectedly  appeared  blnish,"  while  the 

oiled  disk  was  reddish. 
9    Oct.  10,   1762,  determined  the  magniiying  power  of  the  t^lescopo 

again  in  a  new  way  [described]. 
11    There  is  one  cause  of  inaccuracy  or  deception  in  very  small  [close] 
measures,  long  suspected  but  never  yet  sufficiently  investigat«d. 
A  di^ertiott  of  the  rays  of  light  in  the  atmosphere  may  be  admit- 
ted ;  a  concenlratum  may  also  take  place. 
11    Oct.  13,  1782.    The  planet  visible  to  the  naked  eye. 

11  Oct.  13,  1782.     "  J  perceived  no  flattening  of  the  polar  Tenons." 

12  Nov.  4,  1782.     "I  was  now  fally  convinced  that  light,  be  it  in  the 

form  of  a  lucid  circle  or  illuminated  periphery,  would  always  occa- 
sion the  meaBnres  to  be  less  than  they  should  be,  on  account  of  its 
vivid  impression  upon  the  eye"  [and  a  dark  circle  in  a  bright 
square  was  used  for  comparison], 

13  A  method  to  discover  the  qnautity  of  the  deception  arising  from  the 

illomination  pointe^l  out. 
13    Hie  diameter  of  the  Georgiian  Sidv»  cannot  well  be  mnch  less,  nor 
perhaps  mnoh  larger,  than  about  4". 
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1783     73    247    On  the  proper  mofion  of  the  Sun  and  Solar  Ss»Um;  (oilh  an  account  of 
eeteral  changes  that  have  happened  among  the  fixed  start  Hnee  Ike  time 
of  Mr.  Flamstkbd.    B;  William  Herbchel,  Esq.,  F.  B.  S. 
Bead  March  6,  1733. 

347    SBveral  of  the  fixed  staie  have  a  proper  motion. 

848  We  may  strongly  snspeot  that  there  ia  not,  in  strictness  of  speaking, 
one  fitced  star  in  the  heavens,  and  leaaons  which  I  shall  adduce 
will  render  this  so  obvious  that  there  can  hardly  remain  a  doubt  of 
the  general  motion  of  all  the  starry  systems,  and,  consequently,  of 
the  solar  one  among  the  rest. 

248  Beaaons  drawn  fixim  the  theory  of  attraction  evidently  oppose  every 

idea  of  absolute  rest  in  any  one  of  the  stars,  when  once  it  is  known 
that  some  of  them  are  in  motion. 
34!}    I  will  give  a  general  account  of  the  most  striking  changes  which  I 
have  fonnd  to  have  happened  in  the  heavens  since  Fi.aiisteed's 
time.     I  have  now  almost  finished  my  third  review. 

249  The  flrst  review  was  made  with  a  Newtonian  telescope  something  less 

than?  feet  focal  length,  apowerof  222,  andan  aperture  of  4}incheB. 
It  extended  only  to  stars  of  the  first,  second,  third,  and  fourth  mag- 
nitudes. 

349  Of  my  second  review  I  have  given  some  acoonnt  in  Phil.  IVoiw.,  vols. 
LSX,  LXXI,  LXXII.  It  was  made  with  an  instnunent  muoh  supe- 
rior to  the  other  of  85.3  inches  focus,  6.3  inches  aperture,  and 
power  227.  It  extended  to  all  the  stars  of  Habbis's  maps,  and  the 
telescopic  ones  near  them  as  far  as  the  eighth  magnltnde.  The 
Catalog^ue  of  Double  Stars  and  the  discovery  of  the  Georgium  Sida* 
were  the  resnlt*  of  that  review. 
Hy  third  review  was  with  the  same  instrument  and  apertme,  but 

S50  with  a  power  of  460.  This  extended  to  all  the  stars  of  Flam- 
STEEd'b  catalogue,  together  with  every  small  star  about  them,  to 
the  amount  of  a  great  many  thousands  of  stars. 

250  It  may  be  proper  to  mention  that  I  have  many  a  night,  in  the  courae 

of  11  or  Vi  hours  of  ohservatiou,  carefully  and  singly  examined  not 
less  than  400  celestial  objects,  besides  taking  measures,  and  some- 
times viewing  a  particnUr  star  for  haK  an  hour  together,  with  all 
the  various  powers. 
250    The  particularities  attended  to  in  this  [third]  review  were — 

1.  The  existence  of  the  star  itself,  such  as  it  is  given  by  Flam- 

STEED. 

3.  To  observe  well  whether  it  was  single  or  donble,  well  defined 

3.  To  view  and  mark  down  its  particular  color. 

4.  To  examine  all  the  small  stars  in  the  neighbcHrhood  as  far,  at 
*                                   least,  as  the  twelfth  magnitude. 

The  results  of  these  observations  I  shall  oolleot  nnder  a  few  general 
heads,  as  follows: 
SSO  I.  Stars  that  are  lost  or  have  undergone  some  capital  change 

since  Fiahstbed's  time. 
S54  II.  Stars  that  have  changed  their  magnitude  since  Flaustxxd's 

2B7       m.  Stars  newly  come  to  be  visible. 

[Several  red  and  garnet  stars  in  this  list.  ] 
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17EJ3      73    25^    Here  we  ought  to  obaerre  that  it  is  not  easy  to  prove  a  star  to  be 
newly  come. 

S59  "DoM  it  not  eeem  natural  that  these  obaerratians  shonld  oaoae  a 
strong  snapioion  that  moat  probably  everj  atar  in  the  heavens  Is 
more  or  less  in  motion  t "  For  thongh  their  proper  motions  conid 
not  oanse  all  theee  ehanges,  yet  we  may  well  suppose  that  motion 
ia  im  some  way  oonoemed. 

S6S  A.  tiow  motion,  for  inataiioe,  in  an  orbit  roand  some  opaqae  body 
might  account  for  some  of  these  changes,  while  otheis  might  be 
owing  to  the  periodical  retain  of  large  spots,  which  become  visi- 
ble by  a  rotation.  The  idea  also  of  a  body  flattened  by  a  qnick 
rotation  and  having  a  motimk  whereby  more  of  the  liuninooa  surface 
wonld  ba  exposed  at  one  time  than  another  teuda  to  the  same  end. 

960  If  the  proper  motion  of  the  stars  be  admitted,  who  can  deny  that  of 
onr  snnl  Admitting  this  for  granted,  the  greatest  difflonlty  will 
be  to  diacem  the  proper  motion  of  the  snn  between  bo  many  other 
motions  of  the  atara.  Thia  is  an  ardnons  task  indeed,  bat  we  are 
not  to  be  diaconraged  in  the  attempt,  t^et  na  at  all  events  en- 
deavor to  lay  a  good  foundation  for  those  who  are  to  come  afl«r  m. 
I  shall  therefore  now  point  out  the  method  of  detecting  the  direc- 
tion and  quantity  of  the  Bnpposed  proper  motion  of  the  snn,  and 
show  that  we  have  already  some  leasona  to  guesa  which  way  the 
solar  system  is  probably  tending  its  oonrse.     [See  Figs.  1  and  2.] 

861    Prom  the  explanation  of  the  fignres  it  follows  that — 

1.  The  greatest  or  total  syatematictkl  parallax  of  the  fixed  stars  will 
fall  npon  those  that  are  in  tlie  line  DE  at  rectangles  to  the  dlieo- 
tion  AB  of  the  ann'a  motion. 

2.  The  partial  syatomatical  parallax  of  every  other  star  [defined  in 
amonnt]. 

3.  The  parallax  of  stars  at  different  diatanoea  will  be  Invenely  aa 
those  dietancea. 

4.  Every  star  at  rest,  to  a  system  in  motion,  will  appear  to  move  in  a 
direction  contrary  to  that  in  which  the  system  is  moving. 

Henoe  it  follows  that  if  the  son  be  carried  toward  any  star  in  the 
ecliptic,  every  star  in  [one  half  of  the  ecliptic]  will  decrease  in 
loDgitnde,  and  every  star  in  [the  other  half]  will  increase. 

263  No  method  is  so  proper  for  this  pnipose  as  to  divide  oni  observations 
into  3  zones,  vie:  the  eqnator  and  the  two  colnies,  and  doable 
stars  are  the  most  eoitable  for  the  pnrpose.  Each  of  the  3  zones 
[contains  doable  atara,  which  are  in  the  previons  list]. 

963  The  equatorial  zone,  20°  wide,  contains  150  stars.  C^'"'  of  them 
given.  ] 

SSI  The  zone  of  the  equinoctial  where  20°  wide  contains  70  doable  stan. 
[List  given.] 

366  The  zone  of  the  solstitial  where  30°  wide  contains  ISO  doable  stars. 
[List  given.  ] 

266  A  zone  20°  wide  of  the  ecliptic  of  190  doable  stats  may  be  added. 
[List  given.] 

266  It  remaina  now  only  for  me  to  make  an  application  of  this  theory  to 

some  of  the  facta  we  already  know. 

267  And  Qrst  let  me  observe  that  the  ralee  of  philosophizing  direct  ns  to 

refer  all  phenomena  to  as  few  and  simple  principles  as  are  anffldrait 
to  explain  them.     [An  example  given.]  /     ,  ,.-,,i|,. 
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1783  73  !i67  Dt  Maskblyne's  proper  motions  of  seven  of  ttte  stars  qnot«d,  and 
the  positions  of  these  Btais  plotted  on  Fig.  3. 

288  Tlie  motion  of  the  sun  towards  the  constellation  of  Herouka  from  a 
point  not  far  &om  tbe  77th  degree  of  right  ascension  to  it«  oppo- 
site 357th  degree  nill  account  for  the  proper  motions  of  these  etars 
by  the  single  motion  of  the  Solar  System. 

269    LaLANDK  gives  the  proper  motion  of  12  stars  [table],  and  Fig.  4  rep- 

370  resents  them  projected  on  the  plane  of  the  equator.  These  stars 
with  others  [named]  give  ns  27  motions  to  be  aooouated  for.  Our 
supposition  of  the  sun's  motion  accounts  for  2S  of  these,  so  there 

271  are  but  6  exceptions,  which  mnst  be  resolved  into  the  real  proper 
motions  of  the  stars. 

375  Tbe  apparent  exception  of  Caator  considered  [and  the  physical  con- 

nection of  the  two  components  is  not  assumed], 
273    The  apex  of  the  solar  motion  defined. 

573  As  to  the  quantity  of  the  solar  motion  I  can  only  offer  a  few  distant 

374  The  ^olai  motion  can  certainly  not  be  less  than  that  which  the  earth 
has  in  her  annnal  orbit. 

574  Future  observations  will  soon  throw  more  light  on  this  interesting 

subject,  and  either  fully  establish  or  overthrow  the  hypothesis. 
To  this  end  I  have  already  begun  a  series  of  observation  upon 
several  zones  of  double  stars,  and  should  the  result  of  them  be 
against  these  coqjecturea  I  shall  be  the  first  to  point  oat  their 
fallacy.  [Sated  at  Datchet,  near  Windsor,  Feb.  1,  1783.] 
3T4    PoiUoript  to  the  paper  on  the  Motion  of  the  Solar  Sstten. 

Mr.  AUBERT  has  furnished  me  with  Ton.  Hatbr's  Optra  Ine^ta, 
which  contains  a  catalogue  of  80  stars  observed  by  Mayxr  in  1756, 
compared  with  ROEMER'a  observations  of  1706. 

376  I  have  used  these  stars  and  left  ont  of  the  list  all  those  whose  proper 

motions  Maykr  considers  doubtful  and  the  fourteen  stars  already 
examined,  and  which  have  been  shown  to  support  the  hypothesis. 
The  rest  are  drawn  up  in  two  tables.  The  first  contains  the  stars 
that  agree  with  my  aasigued  motion  of  the  solar  system.  The  sec- 
ond contains  those  stars  whose  motions  cannot  be  accounted  for  on 
my  hypothesis,  and  must  therefore  be  ascribed  to  a  real  motion  in 
the  stars  themselves  or  to  some  tiill  mors  hidden  cause  of  a  ttill  r#- 
moter  parallax. 
[This  phrase  is  explained  by  a  foot-note,  as  follows:] 
S76  [Foot-note.]  Mr.  Micbell's  admirable  idea  of  the  stars  being  col- 
lected into  systems  appears  to  be  extremely  well  founded;  though 
it  does  not,  in  my  opinion,  take  away  the  probability  of  many  stars 
being  still,  asit  were,  ^ofjtar^ur  inter^sUmaUeal.  Hence  there  may 
he  a  proper  motion  of  the  whole  system  to  which  a  star  belongs. 
Examples  given  of  an  inhabitant  of  Satum'e  fifth  satellite ;  or  a 
small  nebula  may  consist  of  many  stars  and  have  a  proper  motion 
as  a  system. 

377  [Foot-note.]  We  see,  then,  that  while  the  sun  is  going  toward  a  cer- 

tain point  of  the  heavens  each  of  the  stars  belonging  to  the  sidereal 
system,  of  which  the  sun  is  one,  will  be  affected  as  I  have  shown. 
[p.  261]  not  withstanding  the  whole  system  should  have  a  real  mo- 
tion in  absolute  space,  and  change  its  position  with  respect  to  other 
systems  or  iutersystematlcal  stais. 
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1783  73    277    [Foot-note.  ]  And  Bhoiild  there  ever  be  found,  i&  uaj  particular  pMt 

of  the  heavens,  a  concurrence  of  proper  motions  of  quite  a  different 
direction  we  shall  tlien  peihapa  begin  to  form  eome  conjectores  as 
to  which  stars  may  possibl^r  belong  to  ouib  and  whieh  to  other 
Bjrstems. 

378  Disoussion  of  the  data  of  the  tables. 

379  The  general  law  according  to  which  the  declinationH  of  the  stars  are 

governed  is  this :  Let  an  arc  of  90°  be  applied  to  the  sphere  of  the 
fixed  stars  ho  aa  always  to  pass  through  the  apex  of  solar  motion. 
Then  while  one  end  of  it  is  drawn  along  the  equator  the  other  will 
describe  a  closed  curve.  The  law  is  that  all  stars  in  the  northern 
hemisphere  sitnated  within  the  uodated  part  will  seem  to  go  to  the 
north  by  the  motion  of  the  solar  system ;  the  lest  will  appear  to  go 
southward.  A  similar  law  applies  for  the  sontbem  hemisphere. 
See  Fig.  5  and  Fig.  6  and  the  explanation,  p.  280. 

381  A  paragraph  of  Ultek's  [qnoted]  which  seems  to  contain  an  objec- 
tion against  the  solar  motion  is  really  a  good  argnment  in  its  favor, 
aa  is  diown.  Uater's  paper  was  read  in  1760,  and  mentions  the 
motion  of  the  solar  system  as  a  very  possible  thing,  and  points  out 
some  of  the  consequences  of  such  a  motion, 

383  The  foot-note  gives  a  leference  to  two  other  papers  of  the  same  sort, 
one  by  Wilson  (1777),  and  one  by  Lalakde  (1776). 

1784  74    233    On  the  renuirJiaile  t^pearanoe$  at  Vie  polarregUmt  of  the  planet  Mart,  Ute 

inclinalum  of  its  axis,  thepoBilion  of  il»  polee,  and  its  tplieroiditxil  fig- 
ure; with  a  few  Unit  relating  to  ite  real  diameter  and  atmosphere.  By 
WiLUAM  Hekscebl,  Esq,,  F.  R.  S.    Bead  March  11, 1734. 

234  The  polar  spots  of  Mars  may  afford  a  good  means  of  "  settling  the  in- 

clination and  nodes  of  that  planet's  axis."  It  was  a  question  to  be 
settled  by  observation  how  fer  these  spots  were  permanent  and  in 
what  latitude  of  Mars  they  were  sitnated. 

235  Obtervationa  from   1777,  AprU   17,  to  1783,  Nor.  11.     See  Plate  Yl, 

whore  there  are  34  drawings. 

337  1783,  May  20.     The  polar  spot,  which  is  bright,  seems  to  project  above 

the  disk  by  its  splendor. 

338  [From  observations  up  ta  1783,  Sept.  25.]     1  concluded  that  noneof 

the  bright  spots  were  exactly  at  the  poles,  though  not  far  fhun  them. 

341  Appearances  explained  by  graphical  constructions,  Plates  Til,  YUI, 
IX,  X. 

243  Table  giving  the  synodical  places  of  the  spots  at  the  times  of  the  dif- 
ferent observations. 

347  Of  the  direetioH  or  itodes  of  tht  aria  of  Mars,  its  inclination  to  the  eelipHe, 
and  the  angle  of  that  planet's  equator  with  its  own  orbit. 

248    Observations  of  angle  of  position  of  the  polar  spots. 

253  Method  of  correcting  the  observations. 

254  Table  of  resulting  corrections. 

354    From  13  observations  reduced  to  1783,  October  4,  the  position  of  the 

axis  of  Mars  was  55°  41'  »./. 
356    From  2  observations  reduced  to  1781,  June  25,  this  position  was  75° 

11'ir.j,. 
356    The  north  pole  of  Mars  mnst  be  directed  towards  some  point  of  tba 

heavens  between  9  s.  24°  35'  and  0  g.  7°  15'. 
S68    Hothod  of  reducing  the  elements  foim  the  ecliptic  to  the  orbit  of  Mart, 
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1784      74    259    Indication  of  the  axis  of  Mar*  61°  IB'  to  the  orbit;  the  node  being  in 
19°  W  of  PitctM. 

560  Tbe  aualogy  between  Man  and  tbe  earth  pointed  ont. 

960  The  bright  polar  spots  are  probably  owing  to  the  vivid  reflection  of 
light  from  frozen  regions,  and  the  redaction  [In  uze]  of  ttaeee  spots 
IB  to  be  oBcribed  to  their  being  exposed  to  the  sua. 

561  Of  tkt  tpheroidvMl  figwrt  of  Mar*. 

362    ObitrvaHoni  rrlaling  to  the  polar  flaltening  of  Man. 

These  all  show  a  diOeieDce  in  the  polar  and  equatorial  diameters; 

even  when  the  mirTora  of  the  telescopes  ai«  tamed  W  in  their 

tabes,  and  vorions  telescopes  eoiployed. 
96ti    To  avoid  the  corrections  for  phase,  tlie  uieasnies  taken  on  the  day  ot 

opposition  will  be  adopted,  these  having  been  satisfoctorj', 
207    The  equatorial  diameter  of  Mart  ia  to  the  polar  as  1355  to  1289. 
S68    Corrections  to  this  ratio  considered,  and  the  fonner  resnlt  changed  to 

1355  to  1273,  or  as  16  to  15  nearly. 

270  This  difference  does  not  depend  on  distortions  ^m  the  eye-piecca  or 

ottjeclives  employed. 

271  The  equatorial  diameter  of  Man  at  distance  1  is  9"  B"'. 

S71  The  atmosphere  of  Mare.  Dr.  Suith  reports  on  observation  of  Cas- 
eiNi's  where  a  star  aboat  to  be  occulted  by  Mnr*  became  extremely 
faint  6'  trtta  the  disk  of  the  planet. 

372  Observations  by  Hxbschel  of  faint  stars  near  Mari,  which  show  them 
not  to  be  more  affected  than  the  neanie«e  of  il«  soperior  light  would 
warrant. 

273  From  other  phenomena  it  appears,  however,  that  tbie  planet  is  not 
withoataoonsideTable  atmosphere;  for  besides  the  permanent  spots 
on  itssorface  IhaveoO«n  noticed  changes  in  both  bright  and  dark 
belta,  and  these  alterations  we  can  hardly  aacri1>e  to  any  other  oanse 
than  the  variable  disposition  of  clouds  and  vapors  floating  in  the 
atmosphere  of  that  planet. 

273    Seiult  of  the  amtaitt  of  ihU  paper : 

The  axis  of  Mara  is  inclined  to  the  ecliptic  59°  4Q'. 

The  node  of  the  axis  is  in  17°  47'  of  Fitom. 

The  point  Ariel  on  the  Martial  ecliptic  answers  to  onr  19°  38'  of 


The  fignreof  Mori  is  that  of  an  oblate  spheroid  whose  equatorial  di- 

8met«r  is  to  the  polar  one  as  1355  to  1273,  or  as  16  to  15  nearly. 
The  equatorial  diameter  of  Mori  reduced  to  the  mean  distanco  of  the 

eatUi  from  the  sua  is  9"  8"'. 
And  that  planet  has  a  considerable  but  moderate  atmosphere,  so  that 

its  inhabitants  probably  enjoy  a  sitnation  in  many  respects  similar 

to  oars. 
[Dated]  Datchet,  Deo.  1,  1783. 

74    437    ^ocownf  of  eome  obi^BatUmt  tending  loinvettigate  the  eonttmetion  of  the 

hearent.    By  William  Herschkl,  Esq.,  F.  B.  8.     Bead  Jane  17, 

1784. 

437    A  new  Newtonian  telescope  has  lately  been  completed,  the  object 

speculum  being  30  &et  in  focal  length  and  its  apertUM  18^  inches. 

It  is  mooutod  in  the  meridian  and  gives  positions  only  in  a  coane  w^. 

437    It  would  perhaps  have  been  more  eligible  to  have  waited  longer  in 

order  t«  complete  the  discoveries  that  seem  to  lie  within  the  reach 
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of  this  inatminent,  and  loe  already,  in  Boms  cespeota,  pointed  out 

to  me  by  it. 

1734  74  437  By  taking  more  time  I  sboold.  andoiibt«diy  be  enabled  to  apeak  mora 
coBfldentIf  of  the  iiateriar  ooiulmolion  of  the  heavens  and  its  voii- 
ooB  iwiulout  and  ndereal  strata,  of  which  tbia  paper  can  give  only  a 
few  hints. 
43B  Ab  an  apology  for  tbia  prematnrity  it  may  be  aoid  that  the  end  of  all 
discoveriea  being  commnmcation,  we  caq  never  be  toe  ready  in  giv- 
ing facta  and  observationa,  whatever  we  may  be,  in  reaaoning  npon 

438  Hitherto  the  sidereal  heavena  have  been  represented  by  the  concave 
Borface  of  a  sphere.  In  fbtnre  we  shall  look  npon  those  regions 
Into  wbiob  we  may  now  penetrate  as  a  natnraliat  regards  a  rich  ex- 
tent of  gronnd  containing  strata  varionsly  inclined  and  directed  M 
well  as  consisting  of  very  different  materials. 

438  Besolntion  of  the  milky  way. 

439  If  nmber  of  stars  visible  in  field  of  the  20-foot  telescope. 

440  Examination  of  Mebsibb's  nebalte. 

442-446  New  nebnlEs  have  been  fonnd  with  the  first  20-foot  reflector  of  IS 
inches  aperture;  fignres  of  eomo  of  those  given  in  Plate  XV 11. 

442  Arrangement  of  nebnliB  and  olnaters  in  strata,  aometlmea  of  greM 

length. 

443  Snn  near  the  centre  of  the  milky  way.    See  Plata  XYIU. 

445  Star  ganging  defined. 

446  Table  of  results  of  star  ganging  &om  l^^*  01'°  to  16'>  ST"  S.  A.  and  bom 

92°  to  94°  N.  P.  D.,  and  11"  16"  to  14>'  30"  and  78°  to  80°  N.  P.  D. 
448    The  solar  motion  explained  by  the  utnation  of  the  aon  in  the  milky 
way. 

448  Local  distribntion  of  nebnlffi— nebniee  are  often  snrronnded  by  HpoMB 

vacant  of  stars. 

449  Strata  of  Canon-  and  Coma  Berenicet  described. 

449  Altbongb  my  single  endeavors  should  not  snoceed  in  a  work  which 
seems  to  require  the  joint  effort  of  every  astronomer,  yet  so  moch 
we  may  venture  to  hope  that  by  applying  onrselves  with  all  onr 
powers  to  the  improvement  of  telescopes,  which  I  look  npon  as  yet 
in  theii  infant  state,  and  turning  them  with  asaldnity  to  the  stndy 
of  the  heavens,  we  aball  in  time  obtain  some  faint  knowledge  o^ 
and  perhaps  be  able  partly  to  delineate,  the  interior  constmction 
of  the  universe. 

With  this  memoir  is  a  plate  of  Ggnres  of  neboIiB.  Plate  XVII,  fig.  I, 
M.  98;  2,M.53;  3,  H.,  ii,  26  [resolvable];  4,  H.,i,18;  5,  H,iii,15; 
6,  H.,  iv,5;  7,  H,  iv,2;  8,H,  iv,  3;  9,10;  U,  H,  i,  13;   12, 13,14, 15t 

Also  Plate  XYIU,  construction  of  the  heavens — cloven  disk. 

1786     75       40    Catalogue  of  Douite  Star».     By  William  Hbsschel,  Esq.,  F.  B.  3. 
Bead.  December  9,  1794.  , 

40  Introdnctory  remarks.  The  great  nae  of  double  stars  having  already 
been  pointed  out  in  a  former  paper  on  the  Parallax  of  the  Fixed 
Stars,  and  in  a  latter  one  on  the  Motion  of  the  Solar  System,  I  hav« 
now  drawn  up  a  second  collection  of  434  more,  which  I  have  fbond 
out  since  the  first  was  delivered. 
The  method  of  claaaing  them  is  in  every  respect  the  some  oa  that 
which  is  used  in  the  first  collection. 
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1765      75      41    Hetliod  of  identifying  and  deacribiiig  tlie  poHitions  of  the  starB. 

i3  I  would  lecommend  a  precaution  to  those  who  wish  to  examine  tlio 
cloaest  of  m;  doable  stars.  It  relates  to  the  adjostment  of  the  focus. 
Sappming  the  telescope  and  the  obaervei  long  enoQgh  ont  in  the 
open  air  to  have  acqaired  a  certain  temperature,  and  the  night  suf- 
ficieutl;  clear,  let  the  focns  be  readjusted  with  the  utmost  delicacy 
npon  a  star  known  to  bestngle,  of  nearly  the  same  aJtitnde,  magni- 
tude, and  color  aa  the  star  to  be  examined. 
44  Let  the  phenomena  of  the  adjusting  star  be  well  attended  to,  as  to 
whether  it  be  perfectly  rounded  and  well  defined,  or  affected  with 
little  appendages,  etc.  Such  deceptions  may  be  detected  by  turn- 
ing oi  unscrewing  the  object  glass  a  little  in  its  eel),  when  ibose 
appendages  will  be  observed  to  revolve  the  tome  way. 

44  Being  thas  acqaainted  with  the  imperfbctlons  as  well  as  the  perfeo- 

tiona  of  the  instrument,  and  going  immediately  &om  the  adjusting 
etar,  we  may  hope  to  be  auccesafhl. 

45  All  the  observations  here  given  were  made  with  a  power  of  460  nnlees 

they  are  marked  otherwise. 

45  The  measures  were  all  taken  with  a  parallel  silk-worm's-thread  mi- 

crometet  and  a  power  of  927  only,  from  the  center  of  one  star  I  o  the 
center  of  the  other. 

46  The  threads  snbtend  an  ansle  of  I"  13'"  only. 

46  The  positions  have  all  been  measured  with  a  power  of  460  on  a  mi- 
crometer made  for  me  according  to  the  model  given  in  the  Phil. 
Trans.,  vol.  Ixxi,  page  500,  fig.  4. 


[Dated]  Datchet,  near  Windsor,  Nov.  1, 1784. 

47  Catalogue  of  Double  Stakb,  First  Class.    [Noa.  25  to  97.  ] 

48  [Foot-note.  ]  Could  we  increase  onr  power  and  distinctness  at  pleaanre 

we  might  undoubtedly  separate  any  two  stars  that  are  not  abso- 
lutely in  a  direct  line.  •  •  •  This  will  appear  wtea  we  con- 
sider that  perhaps  ^  of  the  diameter  of  a  star  are  spnrioua.  It 
would  have  been  curious  if  a  considerable  difference  in  the  colors 
could  hare  led  us  to  discover  which  of  the  two  stars  is  before  the 
other!  But  by  far  the  greatest  part  of  their  diameters  being  spu- 
rioos,  it  ia  probable  that  a  different-colored  light  of  two  stars  would 
join  together  where  the  raya  of  one  extend  into  those  of  the  other; 
and  so,  producing  a  third  color  by  the  mixture,  still  leave  the  ques- 
tion undecided. 

51  [Foot-note.]  The  interval  between  very  unequal  stars  estimated  in 
diameters  generally  gains  more  by  an  increase  of  magnii^ng  power 
than  the  apparent  distance  of  those  which  are  nearer  of  a  size. 
However,  this  only  seems  to  take  place  when  there  is  a  difBonlty  of 
seeing  the  object  well  with  a  low  power. 

65    Second  Class  of  Double  Stabs.    [Nos.  39  to  102.] 

[Foot-note.  J  When  the  small  atar  is  so  faint  as  not  to  bear  the  least 
illumination  of  the  wires,  its  position  may  still  be  measured  by  tha 
assistance  of  some  wall  or  other  object ;  for  an  eye  which  has  been 
some  time  in  the  dark  can  see  a  wall  in  a  starlight  night  sufficiently 
well  to  note  the  projection  of  the  atars  npon  it  in  the  manner  whieh 
has  been  described  with  the  lamp  micrometer.  Then  introducing 
some  light,  and  adapting  the  lixod  wire  to  the  observed  direction 
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of  the  staiB  on  the  wall,  the  movaable  wire  maj  be  Bet  to  the  par- 
allel of  tbe  large  star,  which  will  give  the  angle  of  position  pretty 
aconrately. 
1785     75     78    Third  CI.ABS  OF  Double  Stars.    [Nos.  47  to  114.] 

62     [Foot-note.]  Withregardtoemall  ataisthatliecomeTisible  by  bo  in- 
crease of  magnifying  power,  we  maysnnnifie  that  it  is  partly  owing 
to  the  greater  darkness  of  the  field  of  Tiew  arising  from  the  increased 
powpr,  and  partly  to  the  real  effect  of  the  power. 
83    [Foot-note.]  The  prismatic  power  of  the  atmosphere,  of  which  little 
notice  has  been  taken  by  astronomers,  is  that  part  of  its  lefractive 
quality  whereby  it  disperses  the  rays  of  light  and  gives  a  lengthened 
and  colored  image  of  a  lucid  point,     It  is  very  visible  in  low  stars; 
Fojnallutnt,  for  instance,  affords  a  beautiful  prismatic  epeotrom  [ex- 
periments given],  which  explain  also  why  a  star  is  not  always  beat 
in  the  center  of  the  field  of  view ;  a  fact  I  have  often  noticed  before 
I  knew  tbe  cause. 
91    Fourth  Class  of  Double  Stars.    [Nos.  45  to  133.] 
105    Fifth  Class  of  Double  Stars.    [Nos.  5*  to  137.] 
118    Sixth  Class  of  Docblb  Stars.    [Nos.  67  to  126.] 
136    Additional  Enata  to  tbe  Catalogne  of  Donble  Stars,  Phil.  Trans.,  voL 

136    Plate  V  gives  figores  of  44  Lyndi  and  /i  Aarigas. 

1766  76  313  On  the  ConstmcHtm  of  the  Hatvms.  By  William  Hebschel,  Esq.,  F. 
B.  S.  Bead  Feb.  3,  1785. 
213  In  an  investigation  of  this  delicate  natnre  we  ongbt  to  avoid  two  op~ 
posite  extiemee.  If  we  indulge  a  faneifol  imagination  and  build 
worlds  of  our  own,  we  must  not  wander  at  oar  going  wide  &om  the 
path  of  tmth  and  nature.  On  the  other  band,  if  we  add  observa- 
tion to  observation,  without  attempting  to  draw  not  only  ceitain 
'  conclusions  butalsoconjecturalviewsfirom  them,  we  offend  againat 

the  very  end  for  which  only  observations  onght  to  be  made.     I  will 
endeavor  to  keep  a  proper  medium,  but  if  I  should  deviate  &om  that, 
I  conld  wish  not  to  fall  into  the  latter  error. 
314    Theoretical  view  of  the  formation  of  nebulro. 

.Form  I.  Condensation  of  neigbboriug  stars  about  a  central  and  larger 

star ;  globular  forms. 

215    Fom  II,  Condensation  of  neighboring  stars  abont  a  nnclens  of  con- 

tiguons  stars ;  condensed  irregular  forms. 

fbrm  III.  Condensation  abont  a  stream  of  stars,  producing  a  form 

eoatsely  similar  to  tbe  prototype :  extended,  branching,  compound 

S16    Ei>rM  IV.  Componnd  forms  derived  from  the  mutual  attraction  of 
closters. 
V.  Tocancies  will  then  arise  in  tbe  sarronndiog  space. 
Objection  to  the  above  views ;  the;  tend  to  show  a  gradnal  destrDc- 

tiou  of  the  universe.     Response,  that  space  is  infinite  and  that  tbe 
occasional  destruction  of  one  star  may  operate  to  give  life  to  the 

217    Optical  appearances  to  an  observer  within  a  nebula  of  tbe  tliiidform. 
219    Besults  of  observation — star  gauges. 

231-340    Ganges  thronghont  the  24"  in  B.  A.    Beaulta  given  in  detail  in  a 
Table. 
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1765  75  241  The  aCara  beiog  sappoeed  to  be  nearly  equally  scattered,  and  ttieir 
number  in  a  field  of  view  of  known  angular  diameter  being  giren, 
to  determiQe  tbe  length  of  the  visoal  ray.    Solution  of  the  problem. 

243  Another  solution. 

244  We  inhabit  the  planet  of  a  »tar  heloiiging  to  a  Compound  KebiUa  of  th* 

tkirSfoTvt. 
344    Proof  that  the  enn  ia  situated  in  a  compound  nebula  of  Form  IH. 
250    Uteofthegaiiget. 

253  SeotUm  ofowr  eittertal  Bystem. 

254  The  origin  of  ntbuloat  »lrata. 

256  An  (paling  in  the  Heawiu.    H.  SOandM.  4on  theedgeeof  vaoancies. 

257  Phenomena  at  the  Polet  of  our  nehnla. 

268    Enitmeratioit  of  very  (smpoundnAuUB  or  milks  m^t.    Ten  described,  in- 

'  eluding  those  of  Orion  and  AnArotneda. 
263   A  Perforated  NAitla  or  Bing  of  Stan.    Account  of  nebula  of  Xyni.    0.  C, 
4447. 
PlanOary  niAnlm.    ObserrationB  of  G.  C,  4628,  4964,  4G72, 4565,  826, 
2102,4302. 
266    The  acoompanying  plate,  viii,  gives  a  figure  of  a  section  of  the  milky 

1786  76  457  Catalogue  of  one  thoueand  New  Nebula  and  Cluitere  of  Start.  By  Wil- 
liam Herbchel,  LL.  D.,  F.  B.  S.    Bead  April  27, 1786. 

467  Description  of  sweeping  telescope ;  Newtonian ;  20  feet  focna,  18.7  in. 
aperture,  power  157,  field  15'  14". 

458    Description  of  the  method  of  sweeping. 

464    Probable  errors  of  the  places  given  by  the  sweeps  before  1783,  Dec 
13,  ia=l";  US  8'-10',  during  1784  Aa:<30';  M  <5'. 
Till  17B5,  September  24,  ia<l^;  A5<4'. 
TiU  1786,  April,  Aa  <  6* ;  i5  <  2'. 

466  When  the  dinmal  motion  of  the  earth  was  first  maintained  it  could 
not  but  add  greatly  to  the  reception  of  this  opinion  when  the 
telescope  showed  Jupiter,  Mare,  and  F«ni»  revolving  on  their  axes; 
in  the  same  way  the  view  of  so  many  sidereal  systems  will  add 
credit  to  what  I  have  said  in  regard  to  the  construction  of  the 
heavens.  For  to  the  inhabitants  of  the  nebulte  of  the  present  cato- 
logne  our  sidereal  system  must  appear  either  as  a  small  nebulous 
patch ;  an  extended  streak  of  milky  light ;  a  large  resolvable  neb- 
ula; a  very  compressed  cluster  of  minute  stars,  hiurdly  discernible; 
or  OS  an  immeuae  collection  of  large  scattered  atais  of  various  sizes, 
according  as  their  situation  is  more  oi  less  remote  from  ours. 

466  Definition  of  olaetei  of  nebolce  and  clusters. 

467  A  map  of  positions  of  nebuln  was  made  for  identification  [by  means 

of  which  the  laws  of  aggregation  of  the  nehnlie  were  gradually  dis- 

coTered]. 
4GS    Explanation  of  a  short  methodof  describing  the  appearance  of  a  neb- 

nla  by  letters, 
471    Catalogue: 

471  Class  I    No.  1  to  No.    93 

473  II    No.  1  to  No.  402 

4B2  ni    No.  1  to  No.  376 

492  IV    No.  1  to  No.    29 

493  V    No.  1  to  No.    24 
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Henohel,  W.;  Btmopsib  of  the  'Writimob  of — Coutiiiiied. 
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494        ClMS  VI    No.  1  to  Ko.    19 

496  Vn    No.  1  to  No.    17 

496  Tin    No.  1  to  No.    40 

496    Notes  to  specUl  nebnto. 

1786  76  500  InvttAgaUtm  of  tki  oaaae  of  Qiat  intOMnttneu  of  eition  wAMh  kw  ton 
Mcriied  to  the  «MaU««M  of  At  oplio  jmmjI.  By  Wiixiam  Hexschel, 
LL.D.,  F.  B.  S.  Bead  June  22,  1786. 
600  Soon  after  my  first  eeaay  of  using  high  powers  with  the  Newtonian 
telescope,  1  began  to  doubt  whether  lui  opinion  whioh  has  been  en- 
tertained by  several  eminent  snthora  "that  Tision  will  grow  indis- 
tinct when  the  optio  pencils  are  less  than  the  fortieth  or  fiftieth 
part  of  an  iaoh"  would  hold  good  in  aU  caaee. 

I  perceived  that,  according  to  this  criterion,  I  was  not  entitled  to  see 
distinctly  with  a  power  mnoh  more  than  abont  320  in.  a  7'foot  teln- 
Hoope  of  an  apertnre  of  6.4  inches;  whereas  in  many  experiments 
I  fonnd  myself  very  well  pleased  with  magnifiers  whioh  &r  ex- 
ceeded snch  narrow  limits. 

This  indnced  me,  as  it  were,  by  way  of  apology  to  myself  for  seeing 
well  where  1  oagbt  to  have  seen  lees  distinctly,  to  make  a  few  ex- 


COl  The  first  experiments  I  made  were  in  1778,  and  the  result  of  them 
proved  so  decisive  that  1  have  never  siuoe  resumed  the  subject, 
and  had  it  not  bean  for  a  lato  conversation  with  some  of  my  highly 
esteemed  and  learned  &iends,  I  might  probably  have  left  the 
papers  on  which  these  experiments  were  recorded  among  the  rest 
of  those  that  are  laid  aside  when  they  have  afforded  me  the  Infor- 
mation I  want. 

GOl    J^perisuntf  wl(&  ti«  oniM  «ji«. 

502  Mianmoopio  szpennmls. 

Exp.  3.  With  a  pencil  of  yti  '>t  <ui  inch  I  saw  very  diatiuotly. 

503  Exp.  4.  With  a  pencil  of  y^  of  on  inoh  I  saw  very  distinctly. 
Exp.  5.  With  a  pencil  of  ^-^  of  an  inch  I  saw  very  distinctly. 
Exp.  8.  With  a  pencil  of  i^  of  on  inch  I  saw  very  distinctly. 

604  Exp.  10.  It  oocnrred  to  me  that  a  ceri«in  proportion  of  apertnre 

might  be  necessary  to  a  given  focal  length  of  an  objeot-glass  or 
speculum. 

605  Exp.  10,  11,  13, 13,  show  that  to  see  well  in  microscopes  like  the  one 

used,  the  aperture  of  the  object  glass  must  bear  a  considerabls 
proportion  to  its  focal  length. 
605    Exp.  15  shows  that  Ath  part  of  the  focal  length  is  not  a  snffloient 

507  As  soon  as  convenient  I  intend  to  pursue  this  subject ;  at  pneent  my 
engagement  with  the  work  of  a  40-feet  reflector  will  hardly  permit 
so  much  leisure,  and  till  I  have  repeated,  extended,  and  varied 
these  experiments,  I  wonld  wish  them  to  be  looked  upon,  as  men 


£emark»  on  the  n«u>  Comet.  In  a  letter  &om  William 
D.,  F.  B.  S.,  to  Charles  Blagdbk,  M.  D.,  8ea.  B.  S.  Bead  Nov. 
16,  1786.  [Dated  Slongh,  near  Windsor,  Nov.  1&,  1786.]  [This 
comet  was  discovered  hy  Carolina  Herbchel,  August  1,  1796, 
during  the  absence  of  Williau  Hebschel  on  a  visit  to  Gtermany. 
It  was  comet  1786,  n.]  ,  , 
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1787  77  125  An  account  <(f  tAe  tUatovery  of  two  eaUlHtea  retolving  roattd  th«  Georgian 
Planet.  By  WiLLiAii(HEitBCHEL,LL.D.,  F.R.  S.  Bead  Feb.  16, 1787. 
1S5  J  had  freqneutl;  directed  large  telescopes  to  this  remote  planet  to  see 
if  it  were  attended  by  sateUltea,  bat  IMled  for  the  want  of  sufficient 
ligbt  in  tbe  instmrnents  I  nsed. 
136  In  the  beginning  of  [January,  1787]  I  fonad  tbat  my  teleBCope  nsed  as 
a/nmi>ri*m  gavemucb  more  light.  On  tbe  lltb  of  January  I  selected 
a  sweep  whicb  included  tbe  Georgian  Planet,  and  noted  down  the 
pliLces  of  tbe  smaU  stars  near  it.  The  next  day  two  of  these  were 
mlBsing.  To  satisfy  myself  I  noted  down  all  die  small  stats  on  the 
14tb,  17th,  IStb,  and  24tb  of  Jannary,  and  tbe  4tb  and  5th  of  Feb- 
ruary, and  though  I  bad  no  longer  any  donbt  of  the  existence  of  at 
least  one  satellite,  I  thought  it  right  to  defer  this  communication 
till  I  could  see  it  actually  in  motion.  Accordingly  I  began  to  pur- 
sue this  satellite  on  February  tbe  7tli,  at  about  6  o'clock  in  tbe  eve- 
ning, and  kept  it  in  view  till  three  in  the  morning  ou  Feb.  tbe  Bth, 
and  during  those  nine  bonrs  I  saw  this  satellite  faithfully  attend  its 
primary  planet  and  describe  a  consideiable  arc  of  its  proper  orbit. 
126  WMle  I  was  attending  to  the  motion  of  this  satellite  I  did  not  forget 
to  follow  anotber  small  star  which  I  was  pretty  well  assared  was 


127  The  fiist-discovered  satellite  [  Oberon]  is  tbe  farthest  from  tbe  planet 
and  I  shall  call  it  theweond  tatellitc;  the  last-discovered  [JYtanio]  I 
shall  call  the  first  satellite. 

127  I  made  a  sketch  on  paper  to  point  out  beforehand  the  situation  of 
these  satelbtes  on  Feb.  10.  and  [on  that  night]  the  heavens  dis- 
played the  original  of  my  drawing  by  shewing,  in  the  situation  I 
had  delineated  tbem,  the  Georgian  Planet  attended  by  (ico  satelUtee. 
I  confess  that  tbis  scene  appeared  to  me  with  additional  beauty  as 
the  little  secondary  planets  seemed  to  give  a  dignity  to  the  primary 
one  which  raises  it  into  a  more  conspicuoos  situation  among  the 
great  bodies  of  our  solar  system. 

Itt8  I  suppose  the  first  performs  a  synodical  revolution  in  abont  8}  days, 
tbe  tecond  in  nearly  13^  days.  Their  orbits  make  a  considerable 
angle  with  tbe  ecliptic. 

129  Attempts  to  measure  them  with  my  micrometers  have  so  far  failed. 
I  have  nevertheless  several  resources  in  view  and  do  not  despair  of 
succeeding  pretty  well  in  the  end. 

W.  Hbrschel. 
[Dated]  Slough,  near  Windsor,  February  11,  1787. 

77  229  An  aocounl  of  Three  Volca»Qe»  in  the  Moon.  By  William  Hbescbbl, 
LL.  D.,  F.  K.  S.;  conamumcated  by  Sir  Joseph  Baotib,  Bart.,  P.  E. 
8.  Read  April  26,  1767. 
239  The  phenomena  of  nature  are  to  be  viewed  not  only  with  the  osual 
attention  to  facts  as  they  occur,  but  with  the  eye  of  reason  and  ex- 
perience. In  this  we  ore  not  allowed  to  depart  from  plain  appear- 
ances. Thus  when  we  see  on  the  surface  of  the  moon  a  great  num- 
ber of  elevations  from  half  a  mile  to  a  mile  and  a  half  in  height  we 
are  strictly  entitled  to  call  them  mountains;  but  when  we  attend 
to  their  particular  shape,  in  which  many  of  them  resemble  the 
orateiH  of  our  volcanoes,  and  thence  argue  that  they  owe  their 
origin  to  tbe  same  cause  which  has  modeled  many  of  these,  we  may 
be  said  to  see  by  analogy,  or  with  tbe  eye  of  reason.  i 

3h  .,<^.OOg\C 
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17OT  77  289  In  thia  latter  case,  though  it  may  be  convenient  to  use  eipreisioni 
Trbicli  cim  only  be  justified  by  reaaoaing  ux>on  the  faets  tbemiielveBr 
it  will  certaioly  be  the  Bafest  tray  not  to  neglect  a  full  deacription 
of  them,  tliat  it  may  appear  to  others  how  far  we  hare  been  anthor- 
izad  to  DBO  the  mental  eye. 

1787     77    230    April  19, 17S7, 10'' Se'' sidereal  time,  three  Tolcanoee  seen;  April  SO, 

1787,  lO"  2™  sidereal  time,  one  of  the  three  bnma  with  greater  vio- 
lence tbtei  lost  night.  The  diameter  of  the  volcano  is  twice  that  . 
of  J«iitter'«  satellite  III. 

231  The  appearance  of  the  actual  Are  exactly  resembled  a  small  piece  of 
bnmJDg  charcoal  when  it  is  covered  with  a  very  thin  coat  of  white 
ashes.  All  the  adjacent  parts  of  the  volcanic  monntain  seemed  to 
be  faintly  illDminated  by  the  eruption  and  were  gradnally  mocp 
obacnre  as  they  lay  at  a  greater  distance  from  the  crater.  This 
eruption  resembled  mnch  that  which  I  saw  on  the  4th  of  May,  1783,* 
an  account  of  which  I  shall  shortly  lay  before  the  society. 

WiiJJAM  Herschbl. 
[Dated]  Slongh,  near  Windsor,  April  21,  1787. 
233    Note  on  M.  M^CHAIm's  comet.     [1787,  I.] 
1787      77    364    On  the  Georgian  Planet  and  its  latellites.   By  Wii.iJAMHBBSCaKL,LL,  D. 
F.  B.  6.     Bead  May  33,  1768. 
In  a  former  paper  I  gave  the  periodical  times  of  two  satellites  revolv- 
ing ronnd  the  Gwrgian  Planet  in  a  general  way,     While  it  requires 
a  much  loDger  aeries  of  observations  than  I  bare  had  an  opportu- 
nity of  making  to  settle  their  mean  motions  with  accoracy,  I  shall 
communicate  the  result  of  my  past  observations,  and  believe  that 
the  elements  here  delivered  will  be  found  to  be  fuU  as  accurate  as 
we  can  at  this  time  expect. 

365  Hetbods  of  measuring  ongles  of  position  which  were  employed. 

366  Synodical  revolution  of  Satellite  I  =  8*  17"  i-o  19.3«.     [Titonio.] 

365  Synodioal  revolution  ot  Satellite  II  =  13«  11"  5"  1.5',     [Ofttro*.] 

366  Other  elements. 

368  Mass  of  [  Urantw]  is  17.740612  times  the  earth'a  moas. 

369  Diameter  of  [  Unmus]  is  assumed  4".04625. 

370  Difficulties  in  making  the  meaanrea  of  aatellitea  stated. 

371  Measnrea  of  Satellite  I  and  diacussion  of  these. 

376  The  light  of  these  satellites  is  uncommonly  faint.    The  second  lOberon'] 

is  the  brighter  of  the  two,  but  the  difference  is  not  considerable. 

377  Elements  of  the  orbits.  W.  Herschel. 

378  Plate  V  of  diagrams.     [Dated]  Slongh,  March  1,  1788. 

1769      79    151     Obsenationi  on  a  Comet.     In  a  letter  fMm  Wiujam  Hebschel,  LL.  D.  , 
F.  B.  8.,  to  Sir  Joseph  BANXa,  Bart.,  P.  B.  S.    Bead  April  2, 1769. 
Letter  dated  Slongh,  March  3,  1789.     [This  was  comet  1788,  II.] 
151    The  comet  waa  discovered  by  Carolina  Eebschel,  December  21, 

1788,  and  positions  of  it  on  December  22,  1788,  are  given.  - 

153    No  solid  nucleus,  even  so  small  as  1",  could  bo  seen,  and  the  same  fact 
hoe  been  observed  by  me  in  three  other  comets. 
1789      79    212     OotnloffiM  of  a  Mecond  Ooiuaitd  of  Sete  ifebvXa  and  ChaUrt  of  Start; 
with  a  few  introdnclory  Bemarkt  on  1^  Conatruction  of  tfie  Heavcnm. 
By  WiLUAU  HEBacHEL,  LL.  D.,  F.  B.  8.    Bead  June  11,  1789. 
313    A  telescope  has  power  to  penetrate  into  space.     Proof  that  eveiy  atar 
is  tt  eon  shining  by  its  native  brightness. 
— LiOCHiH^^ 

*TUi  oiatrnttoB  it  nforttA  by  Binm  toa  Tach  Id  BODfi's  JakrbuA,  1788^  p.  144.      <-' 
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ITGS     79    214    Systeme  of  stars — globular  cltiBterB  and  definition  of  a  elnadet. 

316  Admitting  that  a,  olnster  is  real,  not  apparent,  the  stars  composing  it 

ai«  about  of  equal  magnitade. 
£17    At  the  same  distance  fo>m  the  centre  an  equal  scattering  takes  place. 

317  These  olnsters  are  of  a  globular  form. 

218  They  are  more  condensed  at  the  centre  than  at  the  surface. 

219  Form  I  of  nebulie  [PAil.  JYana.,  1785,  p.  214],  is  thus  shown  to  exist 

in  the  heavens. 

219    Such  clusters  are  subject  to  central  powers. 

230  The  idea  of  other  central  forces  [than  that  9f  gravity]  in  the  constmc- 
tion  of  the  sidereal  heavens,  was  given  in  certain  mathematical 
papers  delivered  to  the  Philosophical  Society  of  Bath  [and  is  yet 
enterttuued]. 

221  Not  only  were  round  nebula  and  clusters  formed  by  central  powers, 
but  likewise  every  cluster  of  aUaa  or  nebula  that  shows  a  gradnij 
condensation,  or  increasiug  brightneBs  towards  a  centre. 

S23  This  theory  of  central  power  is  folly  established  on  grounds  [of 
observation]  which  cannot  be  overtarucd. 

538  Clusters  can  be  found  of  Iff  diameter  with  a  c«rtain  degree  of  com- 
pressiou  and  stars  of  a  certain  magnitude,  and  smaller  closters  of 
4'  3'  2'  in  diameter,  with  smaller  stars  and  greater  compression,  and 
so  on  through  rasoivable  nebnlte  by  imperceptible  steps,  to  the 
smallest  and  faintest  [and  most  distant]  nebnlfe. 

234  Other  clusters  there  are,  which  lead  to  the  belief  that  either  they  ate 
more  compressed  or  are  composed  of  larger  stats.  Spherical  clns- 
ters  are  probably  not  more  different  in  size  among  themselves  than 
different  individuals  of  plants  of  the  same  species.  As  it  has  been 
shown  that  the  spherical  figure  of  a  cluster  of  stars  is  owing  to 
central  powers,  it  follows  that  those  clusters  which,  cmterit  parUnte, 
are  the  most  complete  in  this  flgnie,  mnst  hare  been  the  longest 
exposed  to  the  action  of  these  causes. 

225  The  maturity  of  a  sidereal  system  may  thus  be  judged  from  the  dis- 

position of  the  component  parte.  Plauetary  nebtiln  may  be  looked 
on  as  very  aged. 

226  This  method  of  viewing  the  heavens  seems  to  throw  them  into  a  new 

kind  of  light.  They  are  now  seen  to  resemble  a  luxuriant  garden 
which  contains  the  greatest  variety  of  productions  in  different 
flourishing  beds;  and  one  advantage  we  may  at  least  reap  from  it 
is  that  we  can,  as  it  were,  extend  the  range  of  our  experience  to  an 
immense  duration.  For,  is  it  not  almost  the  same  thing  whether 
we  live  suooessively  to  witness  the  germination,  blooming,  foliage, 
fecundity,  fading,  withering,  and  corruption  of  a  plant,  or  whether 
a  vast  number  of  specimens,  selected  ft«m  every  stage  through 
which  the  plant  passes  in  the  course  of  its  existence,  be  brought  at 
oncetoouTTiewt 

WiLLiAu  Hebbchel. 
[Dated]  Slough,  near  Windsor,  May  1, 1789. 
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Heraofiel,  W.:  Synopsis  op  thb  Writinqs  op— Continued. 
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178S     7Q    251       Class  YII    Ho.    18  to  No.    S5 

S53  Vin    No.    41  to  No.    78 

S55    Notes. 

955  P.  8. — The  planet  Saturn  has  a  lixlk  tatellUe  revolving  round  it  in 
ftbont  32  hoQTH  4S  minntes.  Its  otbit  lies  exactly  ia  the  plane  at 
the  ting.  An  account  of  ita  discovery  with  the  40-foot  reflector, 
etc.,  will  be  presented  to  the  Boyol  Society  at  their  nest  meeting. 


1  Aoeount  of  fA«  diicowry  of  a  fixtK  imA  seeen&  tateUiU  of  the  planet 
Saturn;  uiith  rrmark$  on  th«  oomtrucUon  of  itt  ring,  U$  atmoiplifre,  its 
rotation  on  an  axil,  and  it$  tpheroidieal  figure.  By  Wiluam  Heb- 
SCHBL,  LL.  D.,  F.  B.  S.    Bead  November  12,  1789. 

1  In  a  postscript  to  my  last  paper  I  announced  to  the  Royal  Society  the 

discovery  of  a  satellite  of  SatHTn.  I  hare  now  the  honor  to  present 
them,  with  an  aceonnt  of  two  satellites  instead  of  one,  and  I  have 
called  them  the  tixA  and  teventh,  although  their  sltnation  very 
probably  entitles  them  to  be  called  the  first  and  second. 

2  These  have  not  been  befbie  discovered  on  aoconnt  of  the  difttcnlty  of 

seeing  them  with  a  less  telescope  than  the  40-foot. 

2  I  began  to  observe  Saturn  in  1774,  and  on  March  17  I  saw  it  with  a 

5J-foot  reflector,  as  in  Plate  I,  fig,  1.  Fig.  2  shows  it  on  April  3, 
1774,  without  ita  ring.  In  1775  I  saw  the  ring  gradually  open 
(nung  a  7-foot  reSector),  Fig.  3,  Plato  II,  shows  the  appearance 
1781  [should  be  1778],  June  20  (with  a  very  good  lO-ftiot  reflector). 

3  The  black   belt  on  the  ring  of  Safum  is  not  in  the  middle  of  its 

breadth ,  nor  is  the  ring  subdivided  by  many  snch  lines,  but  thrae 
is  one  single,  considerably  broad  belt  upon  the  ring  which  is  per- 
manently in  its  place. 
3  My  observations  show  that  this  belt  (at  least  on  tlie  north  half  of  the 
ring,  where  J  have  alone  observed  it)  is  not  like  the  belts  of  JupUer 
or  those  of  Saturn,  subject  to  variations  of  color  or  figure,  bnt  is 
most  probably  owing  to  some  permanent  construction  of  tbe  snrface 
of  the  ring  itself. 

3  It  is  not  tbe  shadow  of  a  chain  of  monntains,  since  it  is  visible  all 

round  the  ring.  The  same  argument  will  hold  good  against  sup- 
posed caverns  or  concavities.  It  is  pretty  evident  that  it  ia  con- 
tained betweea  two  coneentric  circles.  See  fig.  4,  Flat«  II,  drawing 
of  1780,  May  11. 

4  Ab  to  the  snrmise  of  two  rings,  it  does  not  appear  eligible  to  venture 

on  so  artificial  a  construction,  by  way  of  explaining  a  phenomenon, 
which  does  not  absolutely  demand  it. 

4  As  yet  we  do  not  know  of  any  rotation  of  the  ring  which  may  be  of 

such  a  proper  velocity  as  [might  lend  some  support  to  the  idea  of 
two  detached  rings]. 

5  If  theeoutbemside  of  the  ring  should  be  difierently  marked,  itwonld 

negative  the  idea  of  two  rings.  Even  if  it  should  be  marked  the 
same  in  every  respect,  it  would  be  best  to  wait  for  tbe  occnltatioii 
of  some  considerable  star  by  Saturn,  when,  if  the  ring  be  divided, 
it  will  be  seen  between  the  openings  of  the  ring,  as  well  as  between 
the  ring  and  Saturn, 

6  We  may  certainly  affirm  that  the  ring  is  no  less  solid  than  the  planet 

itself.  Tbe  reasons  which  prove  the  solidity  of  one  serve  to  prove 
that  of  tbe  other. 
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1790  BO  5  The  mass  of  tbe  planet,  as  determined  Jrom  tbe  satellitee,  inclades 
that  of  the  ring ;  and  the  ring  produces  iiregnlaritieB  in  the  mo- 
tions of  the  satellites,  as  does  also  the  oblateuess  of  the  ball  of  the 
planet. 

5  The  light  of  the  ring  ia  brighter  than  that  of  the  pUnet.     [Pioof 

given.] 

6  The  ring  is  extremely  thin  for — 

1789,  Jnly  18,  [Telftyi]  was  thicker  than  the  ring; 

,  Jalj  23,  \_Dmm\  was  twice  as  thick  as  the  ring; 

,  July  27,  [£««eIadiM]  was  thicker  than  the  ring ; 

,  Angoat  29,  [  Jfbiuw]  wae  thicker  than  the  ring ; 

1789,  Oct.  15:  the  ring  was  barely  Tisible  in  the  40-foot  reflector, 
hot  [£noe{i)d««]  was  visible  abont  the  middle  of  the  preceding 

1799,  Oct.  IG:  I  followed  [Jfiiiuw  and  fBMdidiw]  ap  to  the  very 
disc  of  the  planet. 

7  A  suspicion  ariaea  that  by  a  refraction  through  some  very  rare  atmos- 

phere on  the  ring  the  satellites  might  be  lifted  up  and  depressed  so 
as  to  be  visible  on  both  sides  of  the  ring, 
6    The  edge  of  the  ring  is  very  probably  not  sqnare,  hot  spherical  oi 
spheroidical.  ' 

8  The  ring  cannot  possibly  disappear  on  account  of  its  thinness. 

8  I  formerly  supposed  the  surftce  of  the  ring  to  be  roogb,  owing  to 

9  Inminoae  points  like  mountains  seen  on  the  ring,  till  one  of  these 
supposed  Inminoua  points  was  kind  enough  to  ventnre  off  the  edge 
of  the  ring  and  appear  as  a  satellite.  As  I  had  noted  all  such  in- 
equalities I  could  ealcnlate  aU  such  surmises,  and  I  have  always 
found  these  appearances  to  be  due  to  satellites. 

9  Upon  the  4hole,  I  cannot  say  that  I  had  any  one  instauce  that  could 
Induce  me  to  believe  the  ring  was  not  of  a  uniform  thiobni'ss ;  that 
is,  equally  thick  at  equal  distances  from  the  centre  and  of  an  equal 
diameter  throughout. 

10  Strong  auspieiona  of  the  existence  of  a  sixth  satellite  I  ha*e  long  en- 
tertained. I  saw  it  1787,  August  19.  I  was  then  busy  with  the 
Oeoigian  satellites. 

10    In  1788  my  tiO-foot  speculum  was  much  tarnished. 

10  The  very  firat  moment  I  turned  ray  40-foot  telescope  on  5a(uni,  1789, 

August  98, 1  saw  six  satellites,  and  on  September  17  I  detected  the 
seventh  satellite. 

11  From  many  observations  of  the  sixth  satellite  [I&tieela3m\  I  find  its 

sidereal  revolution  1^  &'  53°*  9*,  and  by  computation  its  distance 
35".058.  Its  light  is  considerably  strong,  but  not  equal  to  that  of 
lIWAsrs], 

12  The  seventh  satellite  [Jfinuw]  makes  one  sidereal  revolution  In  22'' 

40^°  46*;  its  distance  (computed)  is  27".366. 

12  It  is  incomparably  smaller  than  \Ence\ad»»\,  and  even  in  the  40-foot 

reflector  appears  no  bigger  than  a  very  small  lucid  point;  to  which 
the  exquisite  figoie  of  the  speculum  not  a  little  contributes. 

13  The  orbits  of  these  two  satellites  are  exactly  in  the  plane  of  the  ring. 
13    Observations  of  the  belts  and  tigure  of  RatirrK  from  April  9,  I7T5,  to 

Sept.  8, 1780,  and  reference  to  [rough]  figures  are  here  given. 
16    We  may  draw  two  oonclnaions  from  these :  Mnt,  Saivm  has  probably 
a  very  oonsideiiable  atmospheK,    The  obknges  in  the  belts  show 
S.  Mia.  31 35  l.,j.„;ji,L.OO';;Ic 
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this,  and  also  the  han^ng  of  the  satellites  on  tbe  limb;  tbe  time 
of  hanging  on  the  limh  for  MitMt  has  aotuall?  amoiint«d  to  20 
mlDntes.  This  wonld  denote  a  refraction  of  abont  2"  [provided, 
OM.]. 
1T90  SO  16  Tbe  aeoottd  conclnaion  is  that  Saturn  turns  on  an  auB  perpendioalar 
to  the  ring,  Tlie  proof  depends  on  tbe  position  of  the  belts  which 
fbr  14  yeais  have  been  [nearly]  alwaja  equatorial. 

17  Another  leason  is  that  Saturn,  lihe  Jupiter,  Man,  and  the  earth,  is 

flattened  at  tbe  poles,  and  therefore  onght  to  be  sappoaed  to  tnrn 
on  its  axis.    [Obserrations  1776,  Jaly  32,  to  1789,  Bept.  14,  given.] 
On  the  last  date  eqnatorial  diameter  33".fll  (4). 
polar  diameter  20".61  (4). 

18  The  ecjaatorial  is  to  the  polar  diameter  nearly  as  11  to  10. 

18  One  lieautifnl  observation  of  the  transit  of  [Titan]  over  the  disc  Z 
must  add,  of  1789,  lllovember  2. 

WlLLIAJiI   HRRBCHEL. 

[Dated]  Slongb,  near  Windsor,  NoTember  3, 17!J9. 

1790      60    427     On  tlui  Satellilei  of  the  planet  Saturn  and  the  rotatUm  of  iit  Bing  on  an 
JxU.    By  William  Hebschel,  LL.  D.,F.  R.  S.    Read  Jane  7, 179u. 

497  The  observations  to  be  given  extend  from  Jnly  18  to  Dec.  25,  17S9. 
On  calculating  the  appearances  of  bright  luminons  points  on  the 
ring,  I  found  that  all  of  tbem  could  not  be  acconitted  for  b;  satel- 
lites. 

426    The  qnestion,  then,  is,  n'hat  to  make  of  these  protuberant  points? 

42S  To  admit  two  or  three  more  satellites  appears  too  hazardous.  And 
yet  a  suspicion  of  at  least  one  mont  satellite  would  often  return. 

4!tj  Tbe  observations  of  each  satellite  have  been  separated,  and  at  least 
one  observation  of  each  has  been  calculat«d  for  each  night. 

439    Fig.  1,  Plate  XIX,  p.  494,  gives  a  scheme  of  the  orbits.    Explanation 
*  of  tills  Sgnre  and  of  tbe  tables. 

432    Obienalicnt  on  thefifth  latellite  of  Satvm  [Japttut^. 
■  438    Ob»eni>taiontonthtfmirthiaielliteofSalttm[Titan'\. 

441    1789,  Nov.  3.    Transit  of  Titan'*  shadow. 

444    Obaervationi  on  the  IhWd  aaUUite  of  Saturn  [B,hett\. 

Ail    1T89,  Oct.  16.    The  color  of  Bhea  is  inclining  to  bine. 

450     Obiereationt  on  CA«  tecond  tatellite  of  Saturn  [DioneJ. 

17H9,  Sept.  25.    Probable  occnltation  of  Dtoae  by  Tethye, 

456     Oltematiom  cm  thefirii  Mtellite  of  Saturn  ITetkyi^. 

463    Obtervation«  on  the  tixtk  eatellite  of  Saturn  i^Enoelad'.u']. 
1789,  Oct.  16.    Occnltation  hy  Satnm. 

473    Observatione  on  lAe  emmth  satellite  of  Saturn  [Mimas]. 
1789,  Oct.  16.     Occnltation  by  iSatsrn. 

478  The  motions  of  these  7  satellites  are  so  well  known  that  no  shapo  of 
Incid  spot,  protiiberant 'point,  or  latent  satellite  can  he  occasioned 
by  any  one  of  them  withont  our  knowing  it.  I  found  that  the  ob- 
servations to  be  given  presently  could  not  be  explained  by  any  of 
the  known  satellites. 

478  The  first  idea  was  of  another  satellite  interior  to  the'7th ;  and  if  a 
revolution  slower  than  about  15^  hours  could  have  been  ibnnd  to 
acoonnt  for  most  of  the  places  where  the  bright  spots  were  seen, 
I  should  have  believed  those  to  be  cansed  by  an  8th  satellite.  This 
being  impracticable,  I  examined  what  would  be  the  result  if  these 
bright  points  were  attached  to  the  plane  of  the  ling.    ,  >.>,-i|   . 
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1790  60    479    As  oliBeTratlons,  oacefnll;  mode,  should  always  tnke  the  lead  of  theo- 

ries, I  shall  not  be  concomedif  wtaatlbaTetosa^r  contrtuiiotswhat 
has  been  aaid  in  my  last  paper. 

479  A  Incid  aad  apparently  protuberant  point  may  exiat  'nitbout  any 
great  inequality  in  the  ring.  A  vivid  li^ht,  for  instance,  vill  seem 
to  project  greatly  beyond  the  limits  of  the  body  npoo  which  it  is 
placed. 

479  The  briglitest  and  best-observed  spot  ngrees  to  a  revolution  of  10''  32™ 
I5*.4  at  a  distance  of  17". 237,  t.  r.,  on  the  ring.  Therefore,  unless 
the  ring  is  fluid,  oi  has  a  gTYK>ve  in  it,  so  as  to  let  the  satellite  re- 
volve in  it,  we  ought  to  admit  a  revolation  of  the  ring  itself. 

460  It  seems  almost  proved  that  theconsistonceof  the  ring  is  not  less  than 
the  body  of  Saturn ;  consequently  no  sufficient  degree  of  fluidity 
can  be  admitted. 

4dl    ObaemaHong  not  aeeounted /or  by  aaleUita  [are  given]. 

487    Epochs  of  six  of  the  satellites  given. 

487  PetiodoffiBoefarfMsI*   8*53"    8".9;  distance  36".78e9. 

"       "  Mimaa       0^  22"  S7°' 2a'.9;         "        28".6689. 

488  Tables  for  the  seven  satellites  of  Satom. 
495    Example  of  the  use  of  the  tables. 

1791  Bl      71     On  Nebuloai  Stan,  properly  &o  oatled.    By  Wu-LIAM  HEIt8CHBL,LL.D., 

F.  E.  S.     Read  February  10,  1791. 
71    In  one  of  my  late  examinations  of  the  heavens  I  discovered  a  >tar  of 

about  the  8th  magniludt,  turroandtd  tiHth  a  faintly  lamiaotia  atinotpkere 

of  a  eoniiderablB  extent. 
71    The  name  nebnloas  stars  was  incorrectly  used  in  former  times. 

71  The  milky  way  itself  consistB  entirely  of  stars. 

72  Nebulte  can  be  selected  «o  that  an  insensible  gradation  shall  take  place 

from  a  coarse  cluster  like  the  Fleiadeg  down  to  a  milky  nebulosity 
lilne  that  in  Orion,  every  intermediate  step  being  represented.  This 
tends  to  confirm  the  hypothesis  that  all  are  composed  of  stars  more 
or  less  remote. 

73  A  comparison  of  the  two  extremat  of  the  series,  as  a  coarse  cluster  and 

a  nebulous  star,  indicates,  however,  that  lAe  iwhilosity  about  the  »tar 
i»  not  of  a  Itarrg  nature. 

74  Summary  of  the  reason  which  fonnerly  led  to  the  belief  that  all 

nebnlK  were  clastera  more  or  less  remote. 
Basis  for  the  ideas  of  ooMiiectian  and  di^KoHon  of  stars  and  nebulte. 
75-77  Particular  examples  of  such  supposed  coqjnudtions  and  disassocia- 
tiona.     Telescopic  milky  way  of  over  60  square  degrees. 
The  trapezium  of  Orion  is  unconnected  with  the  nebula. 
78-82  Notes  of  observations  on  nebnlous  stars  and  consideration  of  the  re- 
latioa  of  the  nucleus  to  the  envelope  in  each  case. 

83  Considering  H,  iv  69,  [=  G.  C.  810,]  as  a  typical  nebulous  star,  and 

snpposuig  the  nucleus  mid  chevelnre  to  he  connected,  we  may,  1st, 
suppose  the  whole  to  be  of  stars,  in  which  case  either  the  nucleus  is 
enormonsly  larger  than  other  stars  of  its  stellar  magnitude  or  the 
envelope  is  composed  of  stars  indeflnitely  small ;  or,  2d,  we  umst  ad- 
mit that  the  star  is  involved  in  a  shining  flnid  of  a  nature  totally 
unknown  to  ns. 

84  Perhaps  it  has  been  too  hastily  surmised  that  all  milky  nebulosity  i* 

owing  to  starlight  only.  ,  .  , 
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Tbe  teleacopio  miltg  Kai/  U  probably  compoHcd  of  tbis  Hliining  flnid, 
wbicbmoBt  conmieiice  aomewbere  about  the  rauge  of  the  stars  of 
tbe  Tib  maf^itnde,  and  exteod  to  tbe  r^oiiaof  the  9th,  lOtb,  11th, 
and  12tll. 

1791  61  65  The  abining  fluid  might  exist  independently  of  stars.  The  light  of 
this  fluid  is  no  kind  of  reflection  from  the  star  In  the  center.  If  this 
matter  is  self-lumimoiiH,  it  seema  mnre  fit  to  produce  a  star  by  Its 
condensation  than  to  depend  on  the  star  for  its  existence. 

86  List  of  diSVised  nebulosities  and  planetary  nebnie ;  both  better  ac- 

counted fbr  by  the  hypothesis  of  a  shining  fluid  than  by  supposing 
them  to  be  distant  stars. 
Regeneration  of  stars  from  planetary  nebulie. 

87  How  tax  the  light-corpuscles  emitted  from  millions  of  suns  may  be 

concerned  in  this  shining  flnid  it  is  not  necessary  to  inquire.  We 
need  not  knom  the  origin  of  tbe  luminous  matt«T  whose  exieteuce 
is  rendered  evident  by  means  of  uebnlons  stars. 


[Dated]  Slough,  Jannary  1, 1791. 

1     On  the  Bing  of  Saturn  and  lit  rotation  of  the  fifth  lattUite  iipoii  lit  aHi. 
By  WiLUAM  Herschbl,  LL.D.,F.  R.8.    Read  December  15, 1791. 

1  In  a  former  paper  (PWI.  Ti'an$-,  voL  Isix,  p.  4)  I  spoke  of  tbe  sur- 

mise of  a  division  in  Saturn'*  ring  with  proper  doubts.  My  late 
views  of  the  sontheiu  side  of  the  ring  and  the  disooveiy  of  its  quick 
rotation  enable  me  to  speak  decisively. 

2  The  black  division  is  always  of  the  same  breadth  if  we  leave  out  of 

aeoonnt  certain  very  small  variations  which  I  have  occasionally 
observed, 

3  ObttrvatUnu  on  lie  Ring  of  Saturn  (fr«m  1790,  Sept.  7,  to  Oct.  34). 

4  From  these  and  former  observations  I  think  myself  anthorized  now 

to  say  that  the  planet  Saturn  has  two  concentric  rings.    ■    ■    ■ 

5  The  relative  dimensions  of  the  rings  and  spaces  are  given  in  a  tikble. 

5  This  opening  in  the  ring  (which  ia  some  2,513  miles  in  width)  mnst 

be  of  considerable  service  to  tbe  planet,  in  reducing  the  space  that 
is  eclipsed  by  the  shadow  of  tbe  ring. 

6  It  becomes  a  question  if  both  rings  revolve  in  the  same  time.     The 

period  formerly  given  (PMI.  IVans.,  Izxx,  p.  4S1),  belongs  to  the 
outer  ring.  The  fbrmer  observations  indicate  that  tbe  inner  riug 
revolves  with  great  velocity  on  its  axis,  but  are  not  sufficient  to 
determine  the  period. 

7  It  is  qnite  probable  that  there  shonid  be  a  small  difference  in  the 

periods  of  the  two  rings. 

7  A  memoir  (in  MUloire  dt  V  AcoHmU  Bogale  del  StAonoee  da  Parte,  VJS7, 

p.  249 — )  refeiB  to  observations  of  many  divisions  of  the  ring  of 

8  My  own  observations  of  Saturn  since  1774  contain  only  four  where 

any  other  black  division  upon  the  ring  is  mentioned  than  the  one 
I  have  constantly  observed.  These  i  observations  were  in  17B0— 
(see  Plate  I,  figs  1,  S,  ».) 

9  Saturn  was  then  in  the  very  beat  situation  for  viewing  the  plane  of 

the  ring,  but   I  have   hitherto   set  these  observations  aside  aa 
wanting  more  confirmation. 
9    Obaervatinns  have  been  made  by  M.  Cassihi,  Mr.  Shobt,  and  Mt. 
Haslet  [and  are  referred  to].  im  ,^  ji-,  CjOOQIC 
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17^     62      II    lb  does  not  appear  to  me  that  there  is  a  sufficient  ground  for  admit- 
ting the  ring  of  Saturn  to  be  of  a  ver;  chaogeable  aalute. 
II    Measures  of  the  diameter  of  the  oat«r  ring,  reduced  to  the  mean  dis- 
tance of  Salum  from  the  earth;  46".832i  47" .841  [  45".803; 
13     On  the  TOtaUon  of  tH  fifth  eatetlite  of  Saturn,  on  iti  axit. 

The  &Bb  satellite  lJapetu$J  in  subject  to  a  change  of  brightness ;  this 
having  been  noticed  by  other  observers  I  did  not  al  Srst  pay  so 
much  attoDtion  t«  it  as  it  deserved.  I  afterwards  followed  this  aatel- 
llte  with  great  atteutiou  and  marked  all  its  ctiaagea  of  apparent 

13  The  result  of  many  ohservations  is  as  follows:  The  light  of  the  satel- 

lite is  in  fnU  splendor  during  the  time  it  runs  tlirough  that  port  of 
its  orbit,  which  is  between  68  and  139  degrees  past  the  inferior  con- 
junction. In  this  arc  it  does  not  fall  aboveone  magnitude  abort  of 
the  brigbtnegs  of  [  Titan]. 

14  From  about  7°  post  the  opposition  till  towards  the  inferior  conjunc- 

tion it  is  not  only  less  bright  than  [  fiAfo]  bnt  hardly,  if  at  nil,  ex- 
ceeds [ZHone])  or  even  [_Tethye']  at  elongation.  Such  a  change 
among  tbe  fixed  stars  and  to  the  naked  eye  would  be  &om  the  ^d 
to  tbe  5lh  magnitude. 

14  It  is  now  evident  that  the  time  of  its  rotation  on  its  axis  cannot  differ 
much  from  the  time  of  its  revolntion  about  Saturn  ;  notwithstand- 
ing that  the  light  of  the  satellite  has  suffered  an  occasional  change 
of  short  duration  from  other  causes. 

14  But  I  may  go  further  and  ascertain  upou  sufSoient  grounds,  that  this 
satellite  turns  once  upon  its  axis  exactly  in  the  time  it  performs 
one  revolution.  This  degree  of  accuracy  is  obtained  by  taking  in 
the  observations  of  U.  Casswi  in  U4moirt»  de  I'Aoad.  Son.  ^^  Sci- 
ence, 1705,  p.  121;  (see,  also,  1707,  p.  96),  undthoseof  M.  Bbrnabd, 
op.  eit.,  178(!,  p.  378. 

IG  Joining  all  these  I  conclude  that  the  5th  satellite  of  Saturn  turns  upon 
its  axis  once  in  79  days  T  huuiii  and  47  minutes. 

16  I  cannot  help  reflecting  with  some,  pleasure  on  the  discovery  of  an 

analogy  which  shows  that  a  certain  uniform  plau  is  carried  on 
among  the  secondaries  of  onr  solar  system ;  and  we  may  conjecture 
that  probably  most  of  the  satellites  are  governed  by  the  same  law, 
especially  if  it  be  founded  on  such  a  constrnction  of  tbeir  Ggure  as 
makes  them  mote  ponderous  toward  their  primary  planets. 

17  From  the  changes  in  [Jopetiu]  we  may  conclude  that  some  part  of  its 

siirfoce,  and  this  by  far  tbe  largest,  reflects  much  less  light  thnn 
tbe  rest ;  and  that  neither  the  darkest  nor  the  brightest  side  of  the 
satellite  is  turned  toward  the  planet,  bnt  partly  one  and  partly  the 
other,  though  probably  lees. of  tbe  bright  side. 

17  The  great  regularity  of  this  chanire  of  brightness  seems  to  point  out 
another  resemblance  of  this  satellite  with  onr  moon.  We  see  the 
spots  on  the  moon  of  protty  nearly  the  same  brightness,  so  as  ilot 
to  be  overcast  in  a  very  strong  degree  by  dense  clouds  to  disfigure 
them,  and  therefore  have  great  reasuu  to  surmise  that  her  atmos- 
phere is  extremely  rare ;  in  like  manner  we  may  suppose  tbe  atmos- 
phere otJapeta)  as  rare  as  that  of  our  moon. 

17     Os  the  distance  of  the  fifth  iattlUte. 

Many  measures  have  been  made  for  the  purpose  of  getting  the  mssB. 
They  begin  1791,  Sept.  25,  and  end  Oct.  1.       ^^^    ^         dOOQiC 
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1792  82      23    Miieellaneom  ebtervalioni.     By  William  Hbrscdel,  LL.  D.,  F.  R.  8, 

Read  December  22,  1791. 

23  AcwuHt  0/  a  Comet.  [1792,  I.]  This  wm  discovered  by  Carouka 
Hbrscbbl,  1791,  Dec.  15.  Examined  De<;.  16  with  a  20-foot  re- 
flector; brief  description  and  poaition  for  Dec.  16. 

34    On  the  periodioal  appearanet  of  o  C«ti, 

25    331  days  10"  ig-"  is  its  period. 

86    On  the  SUappeurance  of  the  &61A  HercvJit. 

1781,  Oct.  10,  I  examined  both  54  and  55  Eerailit;  again  1782,  April 
11 ;  1790,  May  24,  55  Herealit  was  miesing,  and  althongh  looked  for 
baa  not  again  lieen  seen. 

ST    BemarkabU  Phenomena  in  an  eeliptt  of  the  Moon. 

1790,  Oct.  22,  when  the  moon  was  totally  eclipeed  I  viewed  the  disc 
with  a  20-feet  reflector  trich  power  360.  lu  several  parta  of  it  I 
perceived  many  bright,  red,  Inruinoae  points.  Most  of  them  w  re 
Bmftll  and  roond,  at  least  150  of  them.  Their  light  did  not  mnoh 
exceed  Uiat  of  Mont  Porphgrilei  Bevelii. 
We  know  toolittleof  the  surface  of  the  moon  to  venliite  at-aSDrmise 
of  the  cause  from  whence  the  great  brightnt-es,  similarity,  ami  re- 
markable color  of  these  points  could  arise.  (Dated)  Slough,  De- 
cember 17,  1791. 

1793  83    201     Obaertationt  an  the  Planet  Vmiv*.    By  William  Herschel,  LL.  D., 

K.  R.  8.    Bead  June  13,  1793. 

201  A  series  of  observations  on  Fmw  begun  in  April,  1777,  has  been  con- 
tinued dawn  to  the  present  time.  The  first  object  of  the  research 
was  to  detecmine  the  diurnal  rotation,  for  the  observations  of  Cab- 
SIN!  and  BiAKCHiKi  can  leave  no  doubt  bnt  that  it  baa  a  rotation 
on  its  axifl ;  tbe  second  was  the  atmosphere  of  rmiM,  of  thi  exist- 
ence of  which,  after  a  few  months'  observations,  I  could  not  enter- 
tain the  least  doubt;  and  third,  the  investigation  of  the  real  diam- 
eter. To  which  may  be  added  an  attention  to  tbe  constmction  of 
thoplauetwithregard  to  permanent  appearances,  such  asmtght  be 
ascribed  to  seas,  continents,  or  mountains. 

902  The  meolt  of  my  observations  would  have  been  communicated  long 
ago  if  I  had  not  flattered  myself  with  the  hope  of  some  better  sue- 
cess  concerning  the  dinmal  motion  of  Fenva,  which  has  still  eluded 
my  cotistant  atteotion  as  far  as  concerns  its  period  and  direction. 

S02  Even  at  this  present  time  I  should  besitatti  to  give  the  followiug  ex- 
tracts if  it  did  not  seem  inoiimbent  upon  oie  to  examine  by  what 
accident  I  came  to  overlook  moontains  in  this  planet  "ofaueh  enor- 
nioiu  hetght  at  to  exceed  four,  five,  or  etren  (iz  timea  the  perpendicular 
elefoIiOR  of  ChimborofO,  tbe  higheit  iff  our  moimtaini."  [Quoted  from 
SCHROETBR,  Phil.  Trana.  1792,  p.  3;F7.] 

502  The  same  paper  contains  other  particalars  concerning  renus  and 

Saturn.  AU  of  which  being  things  of  which  I  have  never  taken 
any  notice,  it  will  not  be  amiss  to  sliow  by  what  foUows  that  neither 
wantof  attention  nor  a  deficiency  of  instruments  conld  occasion  my 
not  perceiving  thete  nurawlaina  of  more  than  33  niUg  in  height;  tkit 
jagged  hordtr  of  Vemu;  and  Ikeee  fiat  tpherioal  forma  on  Sa(«rn. 
303  Before  I  remark  on  the  rest  of  the  extraordinaiy  relations  above  men- 
tioned I  will  give  a  short  extract  of  my  obeervations  of  Venue, 

503  Obiemationt  from  1777,  April  17,  to  1793,  May  20.        ,  , 
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17SU  83  204  Theob8ervattonBanildravirii]({s(oDegiven  in  Plate  XXII,flgl),lTSO, 
Juuo  19,  SI,  23,  24,  25,  2i>,  28,  29,  30,  anil  Jul;  3,  shutreil  that  renm 
hoB  a  motion  on  ber  ax  in,  nud  aa  «  viden  tly  that  nhe  has  an  a  tmoaphero. 

306  17r<9,Nov.  30:  ou  oatellito  visible;  if  alie  has  one  it  mnat  be  below  8 
or  i)  magnitude. 

30e    Two  measures  of  the  diameter,  1791,  Nor.  S4. 

S15  My  observations  show  that  the  atmosphere  of  Fenxs  is  of  much  greater 
extent  orrefractive  pel  wet  than  OS  given  in  the  papertofScHROETER.] 

216  Ab  to  the  mouutaiuain  Feiiua,  I  may  venture  to  aay  that  n<i  eye  which 
is  not  oonitiderably  better  than  mine,  ur  assisted  by  much  better  io- 
stiumente,  will  ever  get  a,  sight  of  them. 

317  The  diameter  of  Vtnua  at  the  mean  dialauce  of  the  earth  ia  1S".79. 
SlU    The  appeoranoe  of  the  luminous  bordi-r  of  Ftrnu*  as  1  have  described 

it,  i.  t.jBtiddeHlnnuieh  brighter  all  aniund  the  limb,  baa  not  been  noticed 
by  the  author  we  have  referred  to. 

318  The  cause  of  this  appearance  may  probably  bo  aacribed  to  the  atmos- 

phere of  Venut,  which  ia  probably  replete  with  matlur  Ihut  rellecta 
and  refracts  light  copiously.  Therel'ore  on  the  border,  wlicre  we 
have  an  obli<iue  view,  there  will  l>e  an  increaae  of  this  appearance. 

1T94  84  28  Obaenatioiu  of  a  quintuple  belt  on  the  Planet  Saturn.  By  Wiluam 
Herbchxl,  LL.  D.,  F.  B.  8.  Read  December  19,  1793. 
38  In  some  of  my  former  papers  1  have  established  the  spheroidical  form 
of  Saturn  and  pointed  out  the  motion  of  a  spot  on  its  disc,  Ftom 
the  first  we  infer  a  rotation  on  its  axis;  the  neeond  shows  that  it 
has  such  a  motion. 
Hy  late  obaervationa  seem  to  hint  to  us  that  the  period  of  rotation  ia 
not  of  long  duration. 

38  Observations  of  the  quintuple  belt;  see  Plate  VI,  fig.  1. 

i{0    Observations  of  belts  ou  Jupiter;  see  Plate  VI,  fig.  2,  flg.  3. 

31  Belts  ate  connected  with  the  rotation  of  the  planets.  Since  then  it 
appears  that  the  belts  of  Aatum  are  very  numerous,  like  those  of 
Jupiter,  aud  are  also  placed  iu  the  directiou  of  the  longest  diameter 
of  the  planet,  it  may  not  be  without  some  reason  that  wo  infer  the 
period  of  the  rotation  of  the  former  to  be  short  like  thut  of  the 
,  latter. 

31    I  have  never  seen  parallel  belts  on  Mar$  nor  on  V«»ui. 

1794        84    39    Account  of  tome  partUmlart  fbaerved  during  the  late  ecUpte  of  the  mn. 
'  [I7U3,  September  5.]    By  William  Hurbchel,  LL.  D.,  F.  R.  S. 
Read  Janvaty  9,  1794. 
3S    Obaervations.     glee  Plate  VII,  flga.  1,  S,  3. 

39  At  first  contact  two  mountains  of  the  moon  were  seen  on  the  sun ; 

41  The  cusps  of  the  enn  attentively  inspected,  and  I  suspected  a  little 
bending  of  the  cusps  outward  as  in  fig.  4 ;  but  I  could  not  satisfy 
myself  of  its  reality.  If  there  was  a  bending,  it  did  probably  not 
amonnt  to  1". 

41  [Foot-note.]  In  1779, 1780, 1781, 1  measured  the  heights  of  about  100 
mountains  of  the  moon  by  three  different  methods.  Some  of  these 
observations  are  given  in  Phil.  Tran».,  Vol.  Ixx,  p.  507,  but  mast 
remain  unoalcnlated  in  my  jonrnal  till  some  proper  opportunity. 

[Dated]  Slough,  near  Windsor,  Deo.  30, 1793. 
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ITSM      84      48    On  (ft«  rofafum  of  the  planet  SatvTn  upon  ila  axii.     By  Wiijjak  Hbe- 
BCUEL,  LL.  D.,  F.  R.  8.     Read  January  23,  1794. 

48  Ja  a  late  paper  I  pointed  ont  an  onalugy  which  might  lead  us  to  eur- 
mise  that  SatHni  had  a  qaick  rotation  on  its  axis.  I  can  at  present 
annotuice  the  reality  of  that  rotation  by  means  of  observations  of 
154  revolutions  of  the  planet. 

48  The  belts  of  iSafiim  that  I  have  been  observiuK  seem  to  have  under- 
gone no  material  change  for  the  last  two  mouths. 

48  I  give  the  observations  upon  which  niy  couipntationa  have  been 
founded,  entire. 

49-C9  Ob>ervati<m»  on  the  belts  of  Satttrn. 

r>0  [Foot-note.]  In  the  course  of  these  observations  I  made  10  new  ob- 
ject specula  and  14  small  plain  ones  foi  my  7-foot  reflector,  having 
found  that  a  T-foot  reflector  was  adequate  to  my  parpose. 

51  [Foot-note.]  These  objectives  were  from  84  to  88  inches  focus,  and 

were  nsed  with  an  eye-glass  of  tb  of  an  inch  focus,  the  power  thns 
being  fi«m  280  to  293. 
G2    I  took  care  to  bend  my  head  bo  as  to  receive  the  picture  of  the  belt 
in  the  same  direction  npon  the  retina  as  I  did  [formerly]. 

52  [Foot-note.]  This  was  a  precaution  that  ocourred  to  me,  as  there 

was  a  possibility  that  the  vertical  diameter  of  the  retina  might  be 
more  or  less  sensible  than  the  horizontal  one ;  but  I  hod  no  reason 
afterward  to  suppose  that  any  auch  difference  really  exists. 

53  ObiercaUon  ujion  the  doable  ring  of  Saturn. 

The  outer  ring  is  less  bright  than  the  inner  ring.  The  inner  ring  is 
very  bright  close  to  the  dividing  space;  and  at  about  half  its  breadth 
it  begins  to  change  color,  gradtlally  growing  fainter. 

54  There  is  a  dry  wind  and  the  telescope  will  not  show  olijeota  as  dis- 

tinct as  when  moistoie  is  discharged  from  the  air  by  the  precipita- 
tion of  dew. 

55  Remark  on  the  ihadow  of  Saturn  and  iii  ringt. 

On  the  ring  is  the  shadow  of  tJie  body.  The  shadow  of  the  ring  npon 
the  body  of  the  planet  close  to  the  ring  ia  not  parallel  to  the  ring 
at  the  two  extremes,  but  a  little  broader  there  thaji  in  the  middle, 
the  ends  turning  toward  the  south. 

56  The  fine  old  latellitts  are  all  seen  with  a  power  of  60  on  a  10-foot  re- 

flector. 

57  Obiercalioni  of  the  aouth pole  of  Saturn  and  the  »hadoie  of  therivg. 

The  south  polar  regions  of  iafiim  are  nlittle  brighter  than  they  used 
to  be;  they  are  almost  as  bright  as  that  belt  The  shadow  of  the 
ring  upon  Saturn  is  perfectly  black,  liiiethe  shadow  of  Saiarn  upon 
the  ling.  The  shadow  of  the  ring  upon  Saturn  on  each  side  is  bent 
a  little  southward. 

58  Trial  of  ooucave  esf-glamen. 

With  regard  to  the  field  of  view,  they  are  full  as  convenient  as  con- 
vex glasses. 
69    Determijialion  of  the  period  of  the  rotation  of  Saturn.    Explanation  of 
Plate  IX  and  the  method  of  obtaining  the  period  fronj  the  obaerva- 

60  The  first  trial  gives  lO^i  l.'jo'  40"  for  the  time  of  I  revolution. 
The  second  trial  gives  lO""  11?"  51'  for  the  timo  of  1  revolution. 

61  The  third  trial  gives  10''  17""  54"  for  Iho  time  of  1  revolution. 
The  fourth  (rial  gives  10"  17"  6*  ft>r  the  time  of  1  revolution. 
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1794  84     GL    I  take  the  moan  of  the  first  two,  10»  1G°>  15'.5,  for  tlio  approximate 

rotation  period. 
<i2-3    Tables  for  tbe  motion  of  the  equator  of  Saturn. 
04-5    Comparison  of  observation  with  the  tables. 
63    Wo  may  conclude  that  the  perioil  is  exact  to  J;2",  and  we  need  not 
hesitat«  to  fls  the  rotation  of  Satam  upon  its  axis  aa  10"  10°  0'.4. 
Wm.  HEitacHEL. 
[Dated]  glougli,  near  Windsor,  Jan.  S2,  1872. 

1795  KJ       4r)    On  the  NalnreajiiCoiDtraction  of  the  San  and  Fixed  Stan.     By  William 

Heksciikl,  LL.  D.,  F.  R.  8.     Road  December  18,  1794. 
4G    The  sun  istbo  celestial  body  which  shonld  Crst  attract  our  notice, 
not  only  on  its  own  account  liut  siaco  the  dsed  stars  are,  bj  the 
strictest  analogy,  similar  bodies. 

46  NiiWTO^  has  shown  that  the  sun  retains  the  planets  of  onr  8yBt«m  in 

their  orbits; 

47  Bradley  has  assigned  the  velocity  of  the  solar  light;  Galileo, 

ScBBiNER,  Hbteijos,  Casslni  and  other}  have  ascertained  its  rota- 
tion and  the  place  of  its  eqnator.  The  Transit  of  Yenns  has  given 
meanstocalcnlateiUdistance,  its  real  ^ameter,  magnitude,  density, 
and  the  fall  of  heavy  bodies  on  its  surface.  Thus  we  have  already 
a  clear  idea  of  the  powerful  inflnence  of  the  sim. 
47  I  sboald  not  wonder  if  [coosideriog  what  we  know]  we  were  induct 
to  think  that  nothing  renuuned  to  be  added ;  and  yot  wo  are  still 
very  ignorant  in  regard  to  the  internal  construction  of  the  snn. 

47  The  spots  have  been  supposed  to  bo  solid  bodies,  the  smoke  of  vol- 

canoes, the  scum  floating  on  an  ocean  of  finid  matter,  clouds,  opaque 
masses,  and  to  be  many  other  things. 

48  The  sun  itself  has  been  called  a  globe  of  fire,  though  perhaps  meta- 

phorically. 
48    The  facnUe  have  been  called  Inminous  vapors,  etc. 

48  The  light  of  the  sun  itself  has  been  supposed  invisible  and  not  to  be 

perceived  except  by  reflection,  though  the  proofs  soem  to  me  to 
amount  to  no  more  than  saying  that  we  cannot  see  when  rays  of 
light  do  Dof;  ent«r  the  eye.  But  it  is  time  now  to  prolit  by  the  obser- 
vations we  are  in  possession  of. 
43  Ihaveavailedmyself  of  the  labors  of  preceding  astronomers,  but  have 
been  iuduoed  thereto  by  my  own  actual  observation  of  the  solar 
phenomena. 

49  Following  is  a  short  extract  of  my  observations.     Id  1779  there  was 

a  spot  on  the  sun,  divided  into  two  parti*,  the  largest  above  31,000 

miles   in  diameter.     Botb   together  must   have  extended   above 

50,000.    The  idea  of  its  being  occasioned  by  a  volcaniu  explosion 

ought  to  be  rejected. 
CO    We  have  pretty  good  reason  to  believe  that  all  the  planets  emit  light 

in  some  degree. 
GO    Example  of  the  illumination  of  the  moon  during  an  eclipse,  which 

could  not  have  been  dae  to  the  light  from  the  earth. 
51    The  dork  half  of  Venus  has  been  seen  by  different  persons. 
51    In  regard  to  the  large  spot  on  the  snn,  I  concluded  that  I  viewed  the 

leal  solid  body  of  the  snn  itself,  of  which  we  rarely  seo  more  than 

its  shining  atmosphure. 
51    Description  of  a  large  spot  seen  in  178 J :  the  spot  was  plainly  depressed 


below  tho  surface  of  the  si 
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1795      8j      51    Bxplaaatioii  of  the  luminonB  ahelvini;  aides  of  a  sou-apot.     The  arm 

may  have  ioequalitiea  [like  monutaina]  on  its  aorfkce  perbupa  BOO 

or  600  miles  high, 
53    In  1791  I  observed  a  large  spot  on  the  ann,  depreaaed  below  the  level 

of  Ita  surface. 

53  An  optical  dnceptioa  takes  place  now  and  then  when  we  view  tba 

moun,  which  is  that  all  the  elevated  spots  on  ita  aorface  wUl  seem 
to  be  cavitiea,  and  <no0  versa. 

54  How  veij  ill  would  theae  observations  agree  with  the  ideas  of  solid 

bodies  bobbing  up  and  down  in  a  fler;  liqajdl  with  the  smoke  of 
volcanoes  or  the  scum  upon  an  ocean  I 
64-58  Observations  in  detail  from  1792,  Aug.  26,  to  1704,  Oct.  13. 

54  1T92,  Sept.  2.     Two  spots  on  the  ann  were  seen  wilh  the  naked  eye. 

55  It  may  not  be  impossible,  as  light  ia  a  transparent  Quid,  that  the  sun's 

real  earface  may  also  now  and  then  be  perceived,  as  we  see  the 
shape  of  the  wick  of  a  candle  tlirough  its  flame. 

66  Faculn  seem  generally  to  accompany  the  spots,  and  they  are  certainly 

elevationa  on  the  surface. 
57    The  Sim  cannot  be  ao  dialinctly  viewed  with  a  small  aperture  and 
faint  darkening  glaases  as  with  a  large  aperture  and  stronger  onea. 

57  About  all  the  spoM  the  shining  matter  seems  to  have  been  diatnrl>ed, 

and  ia  nneven,  lumpy,  and  zig-zagged  in  an  irregular  manner. 

67  I  call  the  apats  black,  nut  that  tbey  are  entirely  ao,  but  to  distingniah 

tbem.  There  ia  ilot  one  of  them  to-day  which  is  not  at  least  partly 
covered  over  with  whitish  and  onequall;  bright  nebulosity. 

58  If  the  brightness  of  the  son  ia  occasioned  by  the  lucid  atmosphere  the 

intensity  of  the  brightneaa  mnst  be  lees  where  it  ia  depreased. 
The  resnlts  of  these  observations  are :  The  sun  has  a  very  oxiensiva 
atmosphere,  which  consiste  of  various  elastic  Huids  more  or  less 
Incid  and  transparent,  and  of  which  the  lucid  one  ia  that  which  fur- 
nishes us  with  light. 

69  The  manner  in  which  I  suppose  the  lucid  fluid  of  the  sun  to  be  gen- 
erated in  ita  atmosphere  may  be  better  understood  £tom  an  anal- 
ogy drawn  Itom  the  generation  of  clouds  in  our  own  atmosphere. 
[This  analogy  ia  stated.] 

60  That  the  emission  of  light  mast  waste  the  sun  is  not  a  difBcnlty  that 
can  be  opposed  to  our  hypothesis. 

60  Uany  of  the  operations  of  nature  arc  carried  on  in  her  great  lal>ora- 

tory  which  we  connnt  comprehend,  but  now  and  (hen  we  see  some 
of  the  tools  with  which  sho  is  at  work.  [The  many  telescopic  com- 
ets may  restore  to  ihe  snn  what  in  lost  by  the  omission  of  light.] 

61  According  to  my  theory  a  dork  spot  in  the  sua  is  a  place  in  itsatmoa- 

phere  which  happena  to  bo  free  from  lominous  decompositloiis,  and 
faculiB  are  more  copious  mixtures  of  such  flnids  as  decompose  each 

62  The  penumbra  which  attends  the  spots  being  depressed  more  or  less 

to  about  half  way  between  the  solid  body  of  the  snn  and  the  upper 
part  of  the  regions  where  luminous  decompositions  take  place,  must 
of  course  be  fainter  than  other  parts. 
6S  The  regions  where  the  luminous  solar  clonds  are  formed,  adding  thereto 
the  elevation  of  the  faculte,  cannot  be  leaa  than  1,843  miles  nor  much 
moie  than  2,765  miles. 
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17dS     S5     Bi    We  onglit  to  compare  these  elevationB,  not  to  the  clouds  of  oar  at- 
raoxphere,  bnt  to  the  elevation  of  tlie  aarora  borealis. 
63    The  density  of  the  solar  clonds  though  very  great  may  not  be  exceed- 
iagly  Kore  so  than  that  of  the  aurora. 

62  The  opaque  body  of  the  suu  tie  kuow  to  lie  of  great  soljdlty,  and  we 

Bnimlse  it  to  be  diveisiQed  with  mountains  and  valleys. 
03  This  way  of  conaldering  the  sun  removes  the  great  dissimilarity  be- 
tween its  condition  and  that  of  the  other  great  bodies  of  the  sys- 
tem. The  snn  then  appears  to  be  nothing  else  than  a  very  eminent, 
lai^,  and  lucid  planet  •  *  *  most  probably  also  inhabited  by 
beings  whose  organs  are  adapted  to  the  peouliar  oirouniBtanceH  of 
that  vast  globe. 

63  The  heat  produced  by  the  sun's  rays  on  the  earth  is  so  considerable 

that  it  may  be  objected  that  the  surface  of  the  snnmnst  be  scorched 
np  beyond  all  oouoeption. 

61    This  objection  answered  by  analogies  with  terrestrial  circumstances. 

C5    I  will  now  show  that  our  moon  is  probably  inhabited. 

6S  The  moon  is  in  many  ways  analogous  to  the  earth,  and  to  complete 
the  analogy  it  is  only  needed  that  it  should  be  inhabited.  To  this 
may  bo  objected  that  we  perceive  no  large  seas  there,  that  ltd 
atmosphere  is  extremely  rare,  thai  there  is  no  rain,  etc. 

G6    These  objections  considered. 

67  Suppose  au  inhabitant  of  the  moon  who  has  not  properly  considered 
such  analogical  reasonings  as  might  induce  him  to  surmise  that  our 
earth  is  inhabited,  to  give  it  an  his  opinion  that  the  use  of  the  earth 
is  fa>  illuminate  the  nloon,  when  direct  daylight  cannot  be  had,  etc. 

67  Snppose  the  inhabitants  of  the  moons  of  Jupittr-,  Saturn,  and  [  fJmniw] 
to  look  upon  their  primary  planets  merely  as  so  many  attractive 
centers  to  keep  together  their  orbits,  etc.,  etc. 

67  These  considerations  ought  to  make  the  inhabitants  of  the  planets 
wiser  than  we  have  supposed  those  of  their  satellites  to  be.  We 
surely  ought  not  to  say  "  the  sun  ia  merely  an  attractive  center 

tJS  That  stars  aro  suns  can  hardly  admit  of  a  doubt.  The  sun  turns  on 
itsaxis;  so  do  variable  stars ;  most  probably  all  stars.  Stara  have 
spots  like  the  snn  j  in  some  stats  wc  know  these  spots  to  bo  change- 

63  Analogy  may  induce  us  to  conclude  that  each  of  these  stars  is  accom- 
panied by  a  group  of  planets.  If  these  suns  themselves  are  primary 
planets  we  may  see  some  thousands  of  them  with  onr  own  eyes, 
and  millions  by  the  telescojie,  while  the  same  analogy  remains  in 
regard  to  the  planets  which  these  suns  may  support. 

69  The  idea  of  suns  or  stars  being  merely  the  supporters  of  systems  of 
planets  is  not  to  be^idmitted  us  a  general  one. 

69  The  stars  in  very  compressed  clusters  are  so  close  that  oven  at  a  great 

distance  of  the  cluster  there  will  not  be  roomTor  the  crowding  iu  of 
those  planets  for  whose  support  these  stars  may  be  supposed  to 

G9  As  an  instance,  I  take  clusters  Nos.  26,  28,  and  35  of  the  VI  class,  and 
also  very  close  double  stars. 

70  Also,  in  some  parts  of  the  milky  way  the  stars  are  so  crowded  that  in 

41  minntea  of  times  no  less  than  356,000  stars  passed  through  the 
fleldofmyteleacopeCinR.  A.rj*'35'»— 20»13™:  N.  P.  D.,  73°  64']. 
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1795  e5  71  It  seems,  therefore,  upon  tlio  whole  not  improbable  that  ia  many  cases 
stars  ore  united  in  anch  close  systema  as  not  to  leave  mnch  room  for 
the  orljits  of  planets  or  oomets ;  and  that  conseqnently  many  stars, 
unlesswo  would  malie  them  mere  naeless  brilliant  points,  may  tbem- 
selTos  he  lucid  planets,  perhaps  unattended  by  satellites. 

71  I'oilacript.  The  following  oliservations  of  the  sun  are  added.  Thi-y 
aro  decisive  in  regard  to  one  of  the  conditions  of  the  liicld  marcer 
of  the  sun.  1794,  Nov.  2)1.  Tho  sun  is  mottled  everywhere,  equally 
at  poles  and  uquator.     This  is  owing  to  inequalities  in  its  surface. 

71  Tbe  lucid  Rubstaace  of  the  son  is  neither  a  liquid  nor  au  elastic  fluid, 
as  is  evident  from  its  not  instanily  GUiug  up  the  cavities  of  the 
spots,  otc.  It  exists,  therefore,  in  the  manner  of  lucid  clouds  swim- 
ming in  the  transparent  atmosphere  of  Ihe  sun;  or,  rather,  of  lu- 
minous decompositions  taking  place  within  that  atmosphere. 

1795  85  3(7  Description  0/ a  forty-foot  reJUctiaolelescope.  By  WlLLUM  Herschel, 
LL.D.,1'\K.  8.     Read  June  11,  1795. 

347  VVtion  I  resided  at  Bath  I  bad  long  been  acquainted  with  the  thi-ory 

of  optics  and  meohanics  aud  wuntod  only  that  experience  so  ucces- 
eary  in  the  praotical  part  of  lh:^se  sciences.  This  J  acquired  by 
degrees  at  (hat  place,  where  in  my  leisure  hours  by  way  of  amus  '- 
ment  I  made  sevural  U-foot,  5-foot,  7-foot,  10-foot  and  20-fooc  Hew- 
tonian  telesopes,  besides  others  of  the  Gregorian  form  of  8,  12,  18 
inches  and  3,  3,  5  and  10  feet  focal  length. 

343  In  this  way  I  made  not  less  than  200  7-foot,  150  raore  10-foot|  and 
about  60  20-foot  mirrors,  not  to  mention  the  Gri-goriau  telescopes. 

34fi  The  number  of  stands  I  invented  for  those  telescopes  it  would  not  bo 
ca.sy  to  assign.    My  Newtonian  stand  was  contrived  about  1778, 

348  In  1781 1  began  toconstruct  a  30-foot  aerial  reflector,  and  having  mode 

a  stand  for  it  I  cast  tho  mirror  33  inches  in  diameter,  which  was 
cracked  in  cooling.  I  cast  it  a  second  time,  aad  the  farnaco  which 
I  hod  built  in  my  house  broke.  Soon  after,  the  Georgian  Planet 
was  discovered  [and  observations  on  this  interrupted  tho  making 
of  now  toleeeope^] 

349  In  1783  I  flnishcd  a  very  good  30-foot  reSeetor,  and  in  1785  I  began  to 

construct  the  40.foot. 

349  In  the  whole  of  tho  apparatus  nono  but  common  worltmon  were  em- 

ployed, for  I  made  drawings  of  ovcry  part  of  it  and  directed  oviTy 
lierson's  labor,  though  somotimes  there  were  not  less  than  40  em- 
ployed at  the  some  limn.  There  was  no  interruption  except  my  re- 
moval from  Clay  Hall  to  Slough. 
%0  The  40-foot  speculum  was  put  into  the  tube  and  first  used  1787,  Frb. 
19.  The  first  mirror  iMing  too  thin,  etc.,  could  uot  reccivo  a  good 
figure,  and  a  second  was  ca3t.1785,  Jon.  3G,  which  crocked  in  cool- 
ing. It  was  i-eoast  Feb.  IS,  and  on  Oct.  24  ii;  had  a  good  Ggure  and 
I  observed  Solum  with  it ;  but  not  being  satisfied  I  worked  upon  it 
till  Aug.  27,  17(49.  Aug.  28,  1789,  I  discovered  a  sixth  salellito  of 
Saturn.    I  date  tho  finishing  of  the  telescope  from  that  time. 

350  De»cription  of  the  UUtcopc.     See  Plates  SXIV  to  XLII. 
350-363    Tho  foiiDdation  and  stand. 

365    The  tube :  it  is  39  fi-et  4  inches  long,  4  feet  10  inches  diameter,  mode 

of  iron. 
377    Motions  of  the  telescope. 
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1T93     85    378    Finder  and  setting  qnodrant. 

380    I  he/VB  in  17fl9  xaxaj  times  token  up  Sabim  tno  or  three  honn  befura 
its  meridiaD  passage  and  kept  it  in  view  Tvith  tlie  greatest  facility 
till  two  or  three  honra  aftiT  the  passage,  with  aDJagle  assiBiant. 
3^    The  method  of  observing  is  by  ntiat  I  have  called  the  tront  view. 
383    The  observing  chair  is  fastened  to  the  iostramunt. 

383  The  apertare  of  the  telescope  is  4  feet. 

384  In  msMng  sweexw  several  conveniences  are  required  [as  given]. 
3%  A.  apeaking  pipe  was  led  from  the  observer  to  the  recorder,  etc, 
387    Right  ascension  apparatus. 

390    Polar  distance  machine ;  the  sidereal  clock  b;  Shelton. 

390    Polar  distAnoe  piece  [described]. 

396  In  1783,  when  I  began  my  sweeps,  no  cata'.ogae  of  stars  in  zones  ex- 
isted. I  Uierefore  gave  a  pattern  to  m;  indefaiigablo  assistant, 
Casolina  Hsbschei^  who  brought  all  the  British  catalogue  into 
zones  of  V  each  i^m  45  N.  F.  D.  to  the  horizon,  and  put  the  right 
ascensions  in  time.  This  catalogue  was  afterwards  completed  to 
the  pole  in  zones  of  6°. 

398    A.  zone  clock  described. 

403  The  construction  of  the  great  mirror  is  as  In  Ag.  4fi.     The  metal  is  491 

inches  in  diameter ;  48  inches  are  polished.     Its  thickness,  whicb  is 
equal  thionghout,  is  3^  inches ;  its  weight  when  cast  was  2,118  lbs. 

404  It  is  Bwnng  in  a  ring. 

406    The  surface  is  protected  from  damp  by  a  tin  cover. 
409    Method  of  monnting  the  eye-pieces. 

[Dated]  Slongh,  near  Windsor,  May  18,  1795. 
Platf. 

408  Plate  XXIT:  General  View;  "ToOBORGi:THETmRD,KiK60F6REAT 
BBtTjjK  &o.  This  View  of  a  Forty.  Foot  Telescope  coustmcted 
nnder  his  Boyal  Patronage,  is  with  permission,  most  humbly  in- 
scribed, by  his  Mtyeety's  very  devoted  and  Loyal  Subject,  and  most 
grateful  obedient  Servant,  William  Herschel." 
1796      86    133    Additional  obieniafiont  on  ihe  Cvmtt.     [1796,1.]    By  Williav  Hek- 

BCBKL,  LL.  D.,  F.  E.  8.  [Eead  November  IS,  1795,  ] 
1796  86  166  OnaMinel\od0foh»ervingik«tiiangeiaiatiiafpptnioiliefixed>tan;v!il\ 
lome  Temark*  on  the  liability  of  tht  Light  of  our  Sun.  ToakioKiiaddtnl 
a  Calalttgve  i^  Comparative  BrigXtnut  for  atoertaming  lie  Permanma/ 
oftlteJMttreo/Stari.  By  WiujamHebsghbl,  LL.  D.,F.E.S.  Bead 
February  25, 1796. 

166  The  earliest  observers  not«d  the  different  brilliancy  of  stars  and  have 
classed  tbem  into  magnitudes.  Brightness  and  [apparent]  size 
were  taken'  as  synonymone  terms,  and  may  still  be  used  as  such, 
notwithstanding  the  latter  mnst  be  a  consequence  of  the  former.  ' 

166  If  we  suppose  the  stars  to  be  about  the  size  of  our  sun  and  at  nearly 
an  equal  distance  from  as  and  from  each  other,  those  which  form 
the  first  enolosnie  about  us  will  appear  brighter  than  the  rest,  and 
there  can  only  be  a  small  nomber  of  them. 

166  This  hypothesis  is  nearly  confirmed  by  observation,  as  may  be  seen 

by  looking  over  a  globe  and  applying  a  pair  of  compasses  oprned 
to  60°.    Eleven  pairs  of  let  mag.  stars  are  about  60°  apart. 

167  Eight  other  pairs  are  near  enough  to  60°  to  support  this  hypothesis. 
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1796     H6    167    A  aecond  layer  of  stars  will  be  more  esteuslve,  etc.,  etc. 

16S    The  tiTpotliesis  of  UD  equaUtyaud  od  equal  distribution  of  atarsistoo 

fai  £com  being  atrictl;  true  to  be  luld  down  us  aa  unerring  );uide. 
168    The  stars  of  thu  1st  and  Hd  class,  scmpulonalj  examined,  prove  that 
we  mnst  admit  them  to  be  either  of  different  sizes  or  placed  at  dif- 
felent  distances.     Both  Torieties  nndoahtedly  take  place. 

168  Thns  it  appears  that  in  the  classification  of  stars  into  mafroitadea 

there  is  either  no  uatttrol  standard  or  none  that  can  be  satisfactory. 

169  If  an;  dependence  could  be  placed  upon  the  method  of  magnitndes, 

it  wonid  follow  that  certain  of  FiAUSiEED'a  stars  had  nndergone  a 
change  in  their  lustre.    [Examples  giy«n. } 

170  Flambteed  did  not  compare  the  stars  to  each  other,  bat  leferred  carh 

of  them  separately  1o  its  own  imaginary  standard. 
A  short  inquiry  into  the  confidence  to  he  given  to  the  method  of  mag- 
nitades  may  be  of  considerable  use. 

170  In  Fiahsteed's  observations  »a  error  of  V°  in  the  brighter  classes  and 

1^  in  the  feJoter  wonld  hardly  deserve  attention. 

171  In  comparing  the  observations  of  different  astronomers  larger  errors 

may  be  expected. 

172  Example.     From  FLAMSTBEtt's  and  Lacaille'b  observations  of  fi 

Leonit  we  may  conclude  that  this  star  ts  now  less  brilliant  than  for- 

173  I  place  each  star,  instead  of  giving  its  magnitude,  into  a  short  seriea 

[seqnenc«]  constrocted  upon  the  order  of  brightness  of  the  nearest 
proper  stars. 

174  The  Oreek  letters  now  afflxed  to  the  names  of  stars  do  not  point  ont 

their  order  of  brightness,  except  for  the  few  brightest  stars  of  each 
constellation .    [Examples.  ] 

175  A  doubt  may  ariso  whether  -any  sncceasion  of  brightness  might  bo 

u'gued  from  the  very  drat,  second,  or  third  letters  of  the  alphabet, 
when  we  find  thent  now  arranged  thus,  ta  fi  aCauiopea,  /3  a  Canon, 
y  fi  AqvAla,  etc. 

177  LaiuLnqe,  FiGOTT,  and  Goodekicke  have  used  the  method  I  propose 

in  special  coses. 
173    Simple  as  my  method  is  in  principle,  it  is  very  laborious  in  its  pro- 
gress.   I  began  to  use  it  14  years  ago. 

176  My  first  design  was  to  draw  each  whole  conet«llation  into  one  series. 

Accordingly  I  began,  Jnly  16, 17tJl,  to  arrange  the  stars  in  OpAiuchtw, 
thns:  a,  fi,  S,  C,  tj,  ■,  y,  c  The  defect  of  this  arrangement  was 
that  we  do  not  always  have  a  proper  connection  of  the  steps  of  the 
series;  the  intervals  being  too  great  in  some  cases,  too  smiill  in 
othera. 

178  To  get  over  these  difficulties  I  marked  the  stars  by  degrees,  three  in 

a  magnitude  1',  1",  1'" ;  2',  2",  2'",  etc.,  as  "May  12, 1783;  order  of 
thestatain£i>o'Ha"<3:l',  e  2",  ?/2"',  r  ^SZ',  etc." 

179  DlDtcolties  with  this  plan. 
160    Other  methods  tried. 

181    The  method  finally  adopted  explained.     [The  method  of  sequences.] 

183  DifBcnlties  in  aarrying  ont  the  method  stated. 

184  These  ol>s>>Tvations  are  of  importance,  as  will  appear  when  we  remem- 

ber the  great  iinmber  of  alterations  of  stals  which  have  certainly 
happened  within  two  centuries. 

185  Who  would  not  wish  to  know  the  permanency  of  th^  Instre  of  our 

Sun  1    If  it  be  allowed  to  admit  the  similarity  of  stars  with  oar  sun, 
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how  uecessary  will  it  be  to  take  notice  of  the  fate  of  our  neighbor- 
ing «un4  in  order  to  guess  at  that  of  our  otm.  That  star  which  \to 
call  the  Sun  ma;  to-morrow  begin  to  andergo  a.  gradual  decay  of 
biigbtiieBs,  like  p  LwnU,  a  Celi,  a  DraconU,  S  Unm  Majoris,  and 
monj  others  that  will  be  mentioned  in  my  catalogues. 

179G  83  183  It  may  suddenly  increase  like  the  wonderfol  star  in  the  back  of 
Ca»Hopea'»  chair,  or  gradually  come  un  Itko  fi  Geminorum,  fi  Ceti, 
Z  SagiiiaTii,  otc. ;  or  it  niay  turn  into  a  periodical  star  of  25  days' 
dnratinn,  as  Algol  is  one  of  3  days,  S  Cephal  of  5  days,  etc. 

186  Perhaps  the  easiest  way  of  accounting  for  post  changes  in  out  cli- 

mates is  to  sunnise  that  our  snn  has  been  fonnerly  sometimes  more 
or  sometimes  less  bright  than  now. 

187  A  method  of  ascertaining  the  quantity  or  intenseaess  of  aolor  light 

might  be  contrived.     Perhaps  the  thermometer  alone  might  be  suf- 
ficient. 
IST    Introdtiotory  Btmarle»  and  ExplanaiUnu  of  the  Arrmigemenl  and  Ciarao- 
Ut»  toed  in  IKefolUneiiig  Catalogtie. 
This  Jlr«t  catalogue  contains  9  oonstellatione ;  the  i«st  will  Ibllow. 

190  All  the  observations  have  been  made  in  very  fine  nights  when  theT« 

WB8  no  suspicion  of  any  whitish  haziness. 

191  AH  observations  upon  stars  of  any  considerable  magnitude  have  been 

mode  with  the  naked  e3re. 
191    Wherever  I  have  used  magnitudes  I  have  adopted  FljIMSTKEd's  scale. 
199    From  the  unmerons  differences  we  have  leaaon  to  eiupect  many 

changes  in  the  lustre  of  stars  since  Flamstebd'8  time. 

193  Summary  of  differences  with  Flaubteed. 

194  I.  CataVogveoftbtcompara&nehrigUMttoftiieStan. 

212    SoUt.    These  ountoin  errata  in  Flambtsbd's  atlas  and  ca'alogne. 
2S6  Wh.  Hebscbei- 

[Dated]  Slough,  near  Windsor,  Jan.  1,  1796. 

1796  86  452  Ok  Me  periodical  star  a  Hercitlit;  vith  TemaTlci  lending  to  eitablith  (A« 
rotatory  vmlUm  of  tie  Stan  on  their  axes.  To  wKich  u  added  a  second 
catalogue  of  the  oomparative  Brightneta  of  the  stars.  By  William 
Hebschbl,  LL.  D.,  F.  B.  S.    Bead  June  9,  1796. 

452  In  my  first  catalogue  I  announced  a  SercuKs  as  a  periodical  star.    It 

has  been  compared  with  several  standaid  stars  but  chiefly  with  x 
OpkiuekL 

453  Table  of  the  variation  of  light  observed  in  a  (Fl.  64)  Mereulls,  com- 

pared to  X  (Fl.  27)  Ophiacbi. 

454  The  periml  is  about  CO  days  and  a  quarter.     Greater  accuracy  can 

only  be  obtained  by  future  observations. 

455  On  the  Rotatorg  motion  of  the  Stars  on  tkiir  Axes. 

455  We  ought  not  to  be  satisfied  with  enrolling  the  discovery  of  one  mora 
periodical  star  among  the  list  of  facts  we  are  acquainted  with;  for 
this  would  indeed  be  of  no  great  consequence. 

455  Darker  spots  on  the  anr&ce  of  stars  will  account  for  all  the  phenomena 

of  periodic  stars  so  satisfactorily  that  we  certainly  need  not  look 
out  for  any  other  cause.  The  objections  which  may  be  mode  are: 
the  periods  in  Algol,  fi  Lyrce,  S  C(phei,  and  7  Antinoi  are  short  3, 
5,6,  and  7,  etc.,  days;  those  of  o  Ceti,  the  star  in  Hydra  and  in 
Csgnue  are  long ;  331,  394,  and  497  days. 

456  Hitherto  we  have  hud  but  7  perlodioal  stars  [some  of  very  short,Miino 


5b0  BIBLIOGEAPHT   OF  HEESCHEL  8  WBITING8. 

Herschd,  \7.:  Sykopsis  of  the  Writings  of— Continued. 

AD.       Tat.    P. 

of  very  long  periods] ;  the  discovery  of  a  fferoalii  as  a  periodical 
star  witli  a  period  of  60  dnya  supplies  a,  link  in  the  chaia  and  re- 
moves the  objection  that  arose  from  the  vacancy. 

179S  86  456  Another  instance  of  slow  rotatiou  is  the  i3th  eatellite  of  SaUm  IJape- 
Cm],  which  revolves  on.  its  axis  in  79  days. 
457  The  rotationa  of  the  son,  moon,  and  some  of  the  planets  are  known 
by  their  spots ;  [  JapehM]  is  too  small  and  too  distant  to  allow  its  spots 
to  be  observed.  But  what  we  can  no  longer  perceive  we  can  now 
supply  liy  rational  Brgnmenlfi.  The  change  iuthe  light  of  the  satel- 
lite proves  the  rotation ;  the  rotation  proves  the  existence  of  the 
spots.  A  still  more  extended  similarity  between  the  snn  and  tho 
stars  offers  itself,  by  the  spots  which  must  also  be  admitted  to  take 
place. 

457  There  ate  reasons  to  surmise  that  34  Cggni  is  a  periodical  star  of  18 

years'  return  [see  PhiL  Ihnw.,  1786,  p.  201]. 

458  When  the  biography  of  the  stars,  if  I  may  be  allowed  the  expression, 

is  arrived  to  more  perfection,  we  may  then  possibly  not  only  bo  still 
more  assured  of  their  rotatory  motion,  bat  also  perceive  that  they 
have  other  movomente,  such  as  nntations  of  their  axes,  etc. 

458  MfmorandumrelatingtothefoUoicing  Catalogue,     I  find  the  mognitudes 

of  Flamsteed  so  inconsistent  that  I  shall  not  continue  to  note  tho 
deviations  between  my  observations  and  his. 

459  II.  Catalogvie  of  the  comparative  irigMiieu  of  the  Star). 
477    Jfofet. 

Wh.  Herschel. 
[Dated]  Slough  near  Windsor,  Jnne  1,  1796. 

1797  87  39J  J  Third  Calatogne  of  the  comparative  BrigMaaa  of  the  Stan  ;  v/itli,  an  in- 
trodactorg  account  of  an  Index  lo  Mr.  Fi.amstbgd'h  Obserrations  of  the 
Fixed  Stare  contained  in  the  eecond  volatne  of  the  Sisioria  Ccelenlii. 
To  iiihich  are  added  eevrral  -asfful  reeulla  derived  from  that  Index.  By 
WiLUAM  Hebschbl,  LL.  D.,  F.  H.  S.     Head  May  18,  1797. 

293  In  my  earliest  reviews  of  tho  heavens  I  fonnd  many  of  the  stars  of 
the  British  Catalogue  missing,  and  took  it  for  granted  that  thoy  - 
were  lost.  The  deviation  of  many  stars  from  the  magnitudes  there 
given  I  looked  npon  os  changes  in  the  Instre  of  tlie  stars.  I  there- 
fore wished  to  be  oble  to  refer  to  the  original  observations  upon 
which  the  Catalogue  was  founded,  and  recommended  to  my  sister 
the  arduous  task. 

394    She  began  the  work  about  SO  months  ago,  ond  has  lately  finished 

it. 
,  S94    Description  of  the  manner  of  making  the  index. 

S95    Examples  of  its  nse. 

S93    General  results  io  be  obtained  irom  an  inspection  of  the  indeS  [witli 
regard  to  Flambteed'b  errors]. 

297    Additional  votes  to  the  itars  in  the  First  Catalogue  of  the  comparative  bright- 
fless  of  the  Start. 

301    Sanie  for  the  Second  Calalogve. 

307    III.  Catalogue  of  the  comparatice  Irightneia  of  the  Stan. 

3ii    tfotee. 

Wk.  Hbbsghsl. 

334    [rated]  Slough,  near  Windsor,  April  12, 1797. 
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1797  B7  S3Z  Obaervationa  of  Ihv  changeable  BrighCneat  of  the  Salellilei  of  Jupiler,  and 
of  the  Variati^  in  tliar  apparent  Hagnitiides  ;  vAth  a  DelerminaH&n  «/ 
the  Time  of  their  rotatonj  Moliona  on  their  Axes.  To  which  i»  added  a 
ifcJMure  of  the  Diameter  of  the  Second  SalelHIe,  and  an  Eilimate  of  tin 
comparalire  sise  of  all  the  Four.  By  William  HEitscnEL,  LL.  D., 
F.  E.  S.    Read  June  1. 1797. 

1797  67  332  I  have,  when  other  pursaits  would  permit,  attended  to  every  circnm- 
etauco  that  could  forwnrd  the  discovery  of  the  notation  of  the 
secondary  planets.  Since  I  have  determined  by  observation  that 
Japetug  rotates  according  to  the;  law  obeyed  by  our  moon,  it  seems 
natural  to  conclude  that  all  the  secoiidary  planets  do  the  same; 
consequently,  a  few  good  observations  that  coincide  with  this 
theory  will  go  a  good  way  towards  confirming  it. 

333  I  also  desired  to  examine  the  nature  and  consti'uction  of  the  satellites. 

Here  phenomena  occmred  that  may  be  thoogbt  remarkable  and 
perhaps  contradictory.  So  far  from  attempting  to  lessen  the  force 
of  such  aniinadvorsions,  I  shall  be  the  first  to  point  out  difflcolties 
in  order  that  future  observations  may  be  made  to  resolve  them. 

334  Observations:  A  remarkable  CcujanetionoftvioiateUilei  of  Jupiter.    II 

andlll  cannot  be  separated  witha  power  of  350  on  a  7-foot  reflector. 

334  Inltnatneia  of  Light  and  Color  of  tkt  Satellitei.     I  is  of-a  very  intense, 

bright,  white,  and  shining  light.  It  is  brighter  than  II  or  IV  (not 
larger).  [V  is  inclining  to  red.  It  is  nearly  as  bright  as  II.  II  is 
of  a  dnll  aeh  color.     Ill  is  very  white. 

335  BHghtneat  and  d'tamelvr  di»tinguiahed. 

335    Ciantfter  of  the  second  Satellite  bg  entering  on 

339    The  BrightRcea  of  the  Satellites  ampared  h 
Flanet. 

339-342  [Estimates  of  comparative  magnitndcB  of  I,  II,  III,  IV.] 

34a  Before  we  draw  any  conclnsions  from  these  c)b8ervation8,  we  ought  to 
take  notice  of  the  mony  caases  of  deception,  etc.  The  method  of 
comparing  the  brightness  is  not  subject  to  so  great  errors  as  esti' 
mating  this  in  t^nnsof  an  ideal  standard.  But  the  situation  of  the 
satellites  with  respect  to  the  planet  introduces  a  new  source  ol 

343  Objections  to  both  low  and  high  magnifiers. 

344  It  appears  that  considerable  changes  take  place  in  the  brightness  of 

the  Batellitos,  and  also  a  change  in  their  apparent  moguitode. 

344  The  first  fact  proves  that  the  satellites  have  a  rotatory  motion  npoa 

their  axes  of  the  same  duration  with  their  revolutions  abo'ut  the 
primary  planet.  The  second  either  shows  that  the  bodies  of  the 
satellites  are  not  spherical,  or  that  some  parts  of  the  discs  reflect 
hardly  any  light. 

345  Discussion  of  tlie  observations  to  show  that  the  satellites  revolve  on 

thei  r  axes  in  the  same  time  that  they  revolve  about  the  planet.  The 
observations  exl«nd  from  17!M,  July  19,  to  179G,  November  3. 

34G    Table  of  the  positions  of  the  four  eatellitea  at  the  time  of  Ih^  obeervationa. 

347    Method  of  reduction. 

349  Summary  of  the  observations  relating  to  the  color  of  the  satellites. 

I  is  whito,  but  sometimes  more  intensely  so  than  others. 

II  is  wbit»,  bluish,  aud  ash-colored. 

350  III  is  always  while,  but  the  color  isof  dificrent  intensity  in  different 

situations. 
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IV  is  dusky,  diogy,  iucliaing  to  orange,  reddish,  and  ruddy  at  differ- 
ent timeB ;  and  these  tinta  may  indnoe  )u  to  snrmlse  that  this  satel- 
lite has  a  considerable  atmosphere. 
1797      67    350    The  diameter  of  the  second  satellite  is  0".e7  by  1  obs. 

351  III  is  considerably  larger  than  any  of  the  rest ;  I  is  a  little  larger  than 
II,  and  nearly  of  the  size  of  IV ;  II  is  a  little  smaller  than  I  and  IV, 
or  the  smallest  of  all. 

[Dated]  Slongh,  near  Windsor,  April  30, 1797. 

1796  ea  47  On  the  dUooverg  of  four  additvmal  lateUiteg  of  the  Oeorgiam  Sidtu.  The 
retrograde  motion  of  its  old  Satellitea  annoitnced,  and  the  catae  of  tktir 
DiaappearatuiB  at  oerlain  di»Uincf»  from  the  Planet  eiptained.  By  WiL- 
LIAU  Herbchei.,  LL.  D.,  F.  R.  S.    Bead  December  14,  1797. 

47  I  have  lately  recompnted  my  observations  of  the  satellites  of  [  [Traiitia] 

with  improved  tables  from  1787  to  now.  I  laid  down  a  set  of  the- 
orems relating  to  the  motions  of  these  satellites ;  I  calculated  tables 
and  devised  means  for  oheoking  the  computations. 

48  I  here  announce  that  the  motion  of  the  Georgian  satellites  is  retro- 

48  From  my  miscellaneous  observations,  the  existence  of  foar  additional 
satellites  will  be  proved ;  the  observations  which  tend  to  ascertain 
the  existence  of  rings  to  the  planet  not  being  satisfactorily  snp- 
ported,  this  surmise  will  be  given  up,  or  left  till  superior  instruments 
are  provided.  ' 

48  Observations  of  stars  near  the  planet  are  given  nnder  the  head  Se- 

porta,  and  of  the  new  satellites  under  the  head  ObeerVaUone. 

49  InveaiigiUiOK  of  additional  tai^itea. 

58    Argamentt  upon  the  Beporls  and  Obxertationa. 

An  interior  tatellite.     [The  observations  described.] 

62  An  intermediate  tatellite.     [The  observations  described.] 

63  An  exterior  aatelUte.     [The  observations  described.] 

64  The  moat  dietant  eatellite.     [The  observations  described.  ] 

66  The  arrangement  of  the  satellites  together  will  be  thus: 
First  satellite,  the  interior  one  of  Jan.  18,  1790. 
Second  satellite,  the  nearest  old  one  of  Jan.  11,  1787. 
Third  satellite,  the  intermediate  one  of  Mar.  'JG,  1794. 
Fonrth  satellite,  the  farthest  old  one  of  J[an.  II,  1787. 
Fifth  satellite,  the  exterior  one  of  Feb.  9,  1790. 

Sixth  satellite,  the  most  distant  one  of  Feb.  28, 1794. 

67  ObaBTTotiorte  and  reports  tending  lo  the  diecotery  of  one  or  more  ringi  of 

file  Georgian  Planet  and  thejlatlening  of  ile  Polar  Begioni. 

69  Beinark*  npon  the  foregoing  obiervatione. 

70  The  observation  of  the  26th  Feb.,  1792,   seems  to  be  very  decisive 

against  the  existence  of  a  ring,  etc.,  and  I  ventore  to  afSrm  that 
the  planet  has  no  ring  in  the  least  resembling  those  of  Saturn. 

70  The  flattening  of  the  poles  of  the  planet  seems  to  be  sufficiently  as- 

certained. 

71  This  being  admitted,  we  may  conclude  that  the  Georgian  Planet  also 

has  a  rotation  on  its  axis  of  a  considerable  degree  of  velooity. 
71    Seporti  and  observationa  relating  lo  tie  light  and  tUe  of  the  Georgian  tatel- 

lita,  and  to  their  vaniehing  at  certain  dielaneee  from  the  Planet. 
73    Bemarka  on  the  foregoing  observationi. 
73    Small  stare  near  the  planet  lose  much  of  their  lustre. 
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1798  68      74    The  satellites  become  regularly  invisible  at  certaiu 

the  planet. 

76  The  first  satellite  [Tifnnta]  usually  vonisbes  at  18". 
The  second  satellite  lOberon'\  nsuaUy  vanishes  at  30". 
In  UDCommon  and  beautifol  nights  the  finl  has  on 

13".8  and  the  2d  at  17".3. 

77  A  deuse  atmosphere  to  the  planet  wonid  account  fo 

not  that  the  satellites  are  loat  as  well  iu  the  neari 
orbita  as  in  the  farthest.  A  satellite  cannot  be  obs 
mosphere  that  is  behind  it. 

77  The  light  olJiipiler  and  5a(urn  is  diffused  forsoreral  i 

all  around  them.  Their  satellites  are  bright,  an' 
Ught  to  lose  they  comparatively  lose  but  little.  [ 
faint;  its  satellites  are  very  nearl;  the  dioiniiest  obj 
seen  In  the  heavens,  so  that  they  cannot  bear  a 
dimiantion  of  their  light  without  becoming  inviaili 

78  The  distances  at  which  the  satellites  vanish  will  sbo 

brightness.    The  first  satellite  [  TUania']  is  rather  bi 
second  ZOberon'].    The  interior  satellite  caunot  be  i 
brightness  to  these. 
78    Periodical  Becolutiona  of  the  NetB  Salellitei. 

[Dated]  Slongh,  near  Windsor,  September  1,  1797. 

1799  89     121    A  Fourth  Catalogue  of  the  Comparative  Brightaesi  of  the  • 

LiAM  Herbchel,  LL.  D.,  F.  R.  S.     Read  Febmary 
121    Catalogue. 
138    Notes. 

[Dated]  Slough  near  Windsor,  Jan.  38,  1799. 

J  800     90    49    Ob  the  power  of  penelraling  into  Space  by  Ttietoopet;  w- 
Determinatum  of  the  Extent  of  that  PoKer  ia  witaral  F 
eecopei  of  variom  S'lzee  and  Construction* ;  illustrated 
Uona.    By  William  Herschel,  LL.D.,  P.  R.  S. 
21,  1799. 

49  The  power  of  penetrating  into  spaee  by  telescopes 
from  magnifying  power,  and  ought  to  be  considerei 

49  Luminous  bodies  as  here  defined  arc  sncb  as  throw  < 
ever  maybe  the  cause  of  it,  including  those  that  sk 
only,  and  we  may  distingnish  the  class  of  self-lamin< 


00  The  question  will  arise  whether  luminous  bodies  sea 
directions  equally;  but  until  we  know  more  of  the  [ 
and  reflect  light  wo  shall  probably  remain  ignorant 

50  What  I  mean  to  say  relates  only  to  the  physical  point 
may  suppose  the  surfaces  of  luminous  bodies  to  be  < 
we  consider  their  whole  constmction  the  question  i 

60  We  know  from  experience  that  Ught,  fiamo,  and  lun 
penetrable  to  the  rays  of  light. 

50  [Foot-note.]  An  esperiment  given  to  prove  this. 

51  It  follows  therefore  that  every  part  of  the  snn's  dis< 

equally  luminous  to  a  given  observer  on  acconnt 
depth  of  its  atmosphere.     (See  Phil.  Trans.,  1795,  p 
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1800      90      51    The  greatest  ineqaalitiea  ia  the  brightness  of  luminoua  bodies  will  be 
owing  to  their  natural  texture. 

51    Brightness,  I  ascribe  to  bodies  that  throw  ont  light,  and  those  that 
throw  out  most  are  the  brightest, 

51  Let  the  whole  qnantity  of  light  thrown  ont  by  a  luminoua  body  be,L; 
Buppose  the  surface  of  this  body  to  be  composed  of  N  luminous  phys- 
ical poiotH.  Let  C  stand  for  tbe  mean  copioasness  of  light  thrown 
ontftow  all  the  phyirical  points  of  a  luminous  object.  Let  o  express 
the  copionsness  of  emitting  light  of  any  number  of  physical  points 
that  a.gTee  in  this  respect,  and  let  their  nnmber  be  ft ;  similarly  I 
define  e'  and  a'  for  another  set  of  points,  and  so  on.  Then  L  =  c» 
+  c'b1  +o»n«+6tc.,  and  L^N  =  C. 

ES    An  objection  t«  this  answered. 

53  The  hrightnees  of  an  object  is  truly  defined  by  CN.  The  brightneaa 
srising  &om  the  great  value  of  C  may  be  called  the  intrinsic  blight- 
nese;  thatfrom  the  great  valne  of  N  the  aggregate  brightness;  the 
absolate  brigbtness  is  in  all  cases  CN. 

53  In  finding  an  expreasinn  fbr  the  appearance  of  luminous  objects  at  any 
assigned  distance  we  must  leave  ont  of  account  every  part  of  CN 
which  is  not  applied  for  the  purposes  of  vision.  L  representing  the 
whole  light  thrown  out  by  CN,  let  1  be  that  part  of  it  used  in  vision 
either  by  the  eye  or  the  telescope. 

53    The  equation  of  light,  in  this  sense,  ia  CN  =;  (. 

53  Tbe  expression  for  its  quantity  at  the  distance  of  the  observer  D  will 
bel  +  rr". 

63  In  natural  vision  I  andergoes  a  considerable  change  by  the  opKiing 
or  contracting  of  the  pupil  of  the  eye. 

63  In  some  experiments  on  light  made  at  Bath  in  1780  I  [noticed  the  in- 

creased power  of  vision  after  staying  some  time  in  a  dark  room]. 

53  The  opening  of  the  iris  is  probably  not  the  only  cause  of  seeing  better 

after  remaining  long  in  the  dark,  bot  the  tranquillity  of  the  retina 
may  render  it  more  fit  to  receive  impressions. 

54  This  is  supported  by  telescopic  vision,  for  in  my  sweeps  of  i,  5,  or  6 

hours'  duration  my  eye  became  so  sensitive  that  when  a  star  of  the 
3d  magnitude  came  towards  the  field  of  view  I  had  to  withdraw  my 
eye  in  order  not  to  injure  the  delicacy  of  vision.  The  opening  of 
the  itis  was  not  tbe  cause,  as  the  diameter  of  the  optic  pencil  waa 
no  more  than  0.12  inch. 

64  With  tbe  40-foot  telescope  the  appearance  of  Siritu  announced  itself 

like  tbe  dawn  of  the  morning  till  this  brilliant  star  at  last  entered 
the  field  of  the  telescope  with  all  the  splendor  of  tbe  rising  sun,  and 
forced  me  to  take  my  eye  &om  that  beautiful  sight. 

65  I  foQDd  the, eye,  coming  from  tbe  light,  required  nearly  20  minutes 

before  it  could  see  delicate  objects,  and  that  tbo  view  of  a  star  of 
'  the  2d  or  3d  magnitude  would  so  disorder  it  that  nearly  the  same 

time  was  required  to  reeetahlisb  its  tranquillity. 

55  If  a  is  the  opening  of  the  iris  and  A  the  aperture  of  the  telescope  -gj 

A'L 
is  the  light  admitted  by  the  eye,  and  -gj  will  be  that  admitted  by 

the  telescope. 
^    Whenever  the  pencil  of  light  ftom  the  telescope  is  larger  than  the 
aperture  of  the  pupil,  light  is  lost.    If  m  be  the  magniiying  power, 

A -1- TO  ought  not  to  exceed  a.  t    OCIQIC 
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1800  90  55  Objection  to  the  foregoing.  It  boiug  proved  that  an  object  is  eqnally 
britcbt  at  all  distances,  it  may  be  urged  that  in  a  telescope  the  dif- 
ferent distaoce  of  Htara  can  bo  of  no  occonnt  with  regud  to  thoir 
bngtatueaa,  and  that  tro  must  consequeiilJy  be  able  to  see  stars 
which  are  many  thousands  of  liotes  farther  than  Saiat  trota  ns. 

66  The  origin  of  such  objurations  isiawautof  distiuctionin  thetwosorU 
of  brightaess,  wbicb  bave  boeu  discriiniuated  by  intrinsic  and  abso- 
lute brigbtDess. 

66  The  denoQStraliODS  of  opticians  with  regard  to  what  I  call  intrintio 
brightnses,  will  not  oppose  what  I  afiinn  of  ati*oluU  brigbtuesB. 

S7  Though  the  snn,  to  an  observer  on  Salum,  ronst  be  as  bright  as  it  is 
here  on  tbe  oarth,  it  cannot  be  meant  tbat  an  inhabitant  standing 
on  tbe  planet  &iltira  and  looking  at  the  aan  should  atfoIdteljrrecelTe 
as  much  light  from  it  aa  one  on  earth  reoeivee  when  he  sees  it. 

S7  Tbe  picture  of  the  sun  on  the  retina  of  tbo  Saturnian  obeerrer  Is  aa 
intetuely  illuminated  as  that  on  the  retina  of  the  terrestrial  astnm- 
omer,  but  it  should  be  remembered  that  the  sun  on  Satuni  appean 
to  be  a  hundred  times  less  tlian  on  the  earth;  and  tbat  oonse- 
qnently,  thongh  it  may  there  be  intrinticalli/  as  bright,  it  must  here 
be  ubwlolefjf  an  hundred  times  brighter. 

57    This  reasoning  is  entirely  applicable  to  the  stars;  and  the  light  we 
a*; 
can  receive  from  tbe  stars  is  truly  expiesaed  by  w 

56  Hence  I  am  authorized  to  conclude  that  Btais  cannot  be  seen  by  the 
naked  eye  when  they  are  more  than  seven  or  eight  times  farther 
from  OS  than  Striiu,  and  that  they  become,  comparatiTely  speak- 
ing, very  soon  invisible  itUlt  our  be»t  {MfnnMsd. 

SB  With  respect  to  the  nalced  eye,  the  power  of  penetrating  into  space 
is  limited.  Among  reflecting  Inminoua  objects  our  penetrating 
powers  ai«  sufficiently  ascerttuned.  An  object  seen  by  reflected 
light  at  a  gi«at«T  distance  than  the  Georgiaa  PIoMt,  it  has  never 
been  allowed  us  to  perceive. 

68  The  range  of  natural  vision  with  self-lnminous  objects  ia  incompara- 
bly more  extended,  hat  less  accurately  to  be  ascertained. 

60  Tbe  general  supposition  is  admitted  tbat  stars,  at  least  those  which 
seem  to  be  promiscoouely  scattered,  are  probably  one  with  another 
of  a  certain  magnitude. 

bli  [Foot-note.]  Tbe  Pkil  Traru.  for  the  year  1796,  page  J66,  167,  168  is 
referred  to  for  support  of  this  assumption. 

60  The  difference  in  brigiitness  between  Sirtii4,  ATCturiu,  a  Cggni,  and 

/J  Tanri,  does  not  seem  to  alter  the  dimensions  of  the  iris ;  it,  there- 
fore, becomes  a  given  quantity  and  may  be  left  out. 

61  Admitting  that  tbe  latter  of  these  stars  are  probably  at  double  the 

distance  of  the  former,  we  can  have  no  other  guide  to  lead  na  a 
third  step  than  the  before-mentioned  hypothesis;  in  conseqoenca  of 
which  it  is  probable  that  stars  of  the  third  magnitude  may  be 
placed  about  three  times  as  far  &«m  us  as  those  of  the  first. 

61  Car  third  step  forward  int«  space  may  therefore  very  properly  be 
said  to  Ml  on  the  pole  star,  on  f  Cygni,  c  BoSHi,  and  all  those  of 
the  same  order. 

6S  The  difference  between  theee  and  the  stars  of  the  preceding  order  Is 
much  less  etrihing  than  that  between  the  stars  of  the  first  and  sec- 
ond magnitudes.    So  the  calenlated  nttia  of  the  brightness  of  »  star 
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of  the  sixth  laaKTiitade  to  that  of  one  of  tbe  seventh.  Is  but  llttlo 

moi«  tbim  li  to  I. 
IBOO     90     ez    The  faintnese  of  the  stars  of  the  Tth  niaguitade  gives  as  little  room 

to  Lelieve  that  we  can  penetiat«  much  farther  into  space  with  oI>< 

jeots  of  no  greater  brightness  than  stars. 
63    I  think,  from  the  faintness  of  the  stars  of  the  Tth  magnitude,  and 

from  the  foregoing  considerations,  we  areanthorizedtooonclndethat 

no  atar,  eight,  nine,  or  at  most  ten  times  as  far  from  as  as  Sirivt, 

can  possibly  be  perceived  by  the  natoral  eye. 

63  Where  tbe  light  of  (nngle  stats  falls  short,  however,  the  united  Inatra 

of  sidereal  systems  will  still  be  perceived.  We  easily  see  the  nnitod 
Instre  of  £be  stars  in  the  sword-handle  of  Fertmtt,  though  the  light 
of  no  one  of  the  single  stars  conldhave  affected  the  unassisted  eye. 

64  Perhaps,  among  the  farthest  objects  that  can  mak^  an  Impression  on 

the  eye,  when  not  assisted  by  telescopes,  may  be  reckoned  the 
nebula  in  the  girdle  of  Andromeda  discovered  by  Simon  Mabids  in 
1612. 

64  It  has  been  shown  that  brightness  or  light  is  to  the  naked  eye  truly 

represented  hy  ^;  in  a  telescope,  therefore,  the  light  admitted  wiU 

D» 
power  of  penetratitig  into  space  shonld  be  to  the  natural  one  as  A 
to  a.  But  tliis  proportion  mnst  be  corrected  by  the  practical  defi- 
ciency in  light  reflected  and  transmitted. 

65  Aa  tho  result  of  many  experiments  with  plane  mirrors,  polished  lik« 
my  large  ones,  and  of  the  same  composition  of  metal,  I  find  we  shall 
have,  in  a  telescope  of  my  construction,  with  one  reflection,  63,796 
rays,  ont  of  100,000  come  to  the  eye.  In  the  Newtonian  form, 
with*  a  single  eye-lens,  42,901 ;  and,  with  a  doable  eye-glass,  40,681 
will  remain  for  vision. 

65  Since  tbe  brightness  of  luminoas  ohjects  is  inversely  as  the  squares 
of  the  distances,  it  follows  that  the  penetrating  power  mnst  he  as 
the  square  roots  of  the  hght  received  by  the  eye. 

66  In  natural  visioo,  therefore,  this  power  is  truly  expressed  hy  i/a'T 
and  since  we  have  now  slso  obtained  a  proper  corrections,  wemuat 
apply  it  to  the  incident  light  with  telescopes. 

66  In  tlie  Newtonian  and  other  constructions  where  two  apecula  ai« 
used  tJiere  will  also  be  some  loss  of  light  on  account  of  the  inter- 
position of  the  small  speculnm ;  therefore,  patting  b  for  its  diameter, 
we  have  ia js  for  Uie  real  incident  light.     This  bcisg  corrected  aa 


be  expressed  by  =-.     Hence  it  wonld  follow  that  the  artificial 


above,  will  give  the  general  expression  v^xl  x  AP—b^  foi'  the  same 
power  in  telescopes. 
66    Then,  if  we  put  natnral  light  1=^1,  and  divide  by  a,  we  have  the 
general  form     x.A^—b^  fj,j  ^ij^  penelrating  power  of  all  eort«  of 

telescopes,  compared  to  that  of  the  natural  eyo  as  a  standard. 

66  In  tbe  following  investigation  we  shall  suppose  a  =' two-tenths  of  an 

67  "In  the  year  1776,  when  I  had  erected  a  telescope  of  SO  foot  focal 

length,  of  the  Newtonian  construction,  one  of  its  effects  by  trial 
was,  that  when  towards  evening,  on  account  of  darkness,  tbe  nat- 
nral eye  coald  not  penetrate  far  into  space,  the  t«lescop 
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thftt  power  Bufflciently  to  shew  by  the  dial  of  a  distant  churcli 
eteeplu  wliat  o'clock  it  was,  not  withstanding  the  naked  eye  conid 
n«  longer  see  the  steeple  itaelf.  Here  I  only  speak  of  the  penetrat- 
ing power;  for  though  it  might  require  magnifying  power  to  see  the 
figures  on  the  dial,  it  could  reqairo  none  to  see  the  steeple." 
The  apace-penetrating  power  of  this  telescope  was  38.99. 

J800      90    68-BI     [DimenaLonsofvariona  telescopes  aged  by  Hbrbciibi.,  and  their  calcu- 
lated apace-penetrating  powers  are  given,  together  with  a  large  num- 
ber of  ■examples  quoted  from  hie  note-books  illnstratire  of  the  rela- 
tions of  magnifying  and  space-penetrating  powers.] 
&2    Comparison  of  the  space-penetrating  power  of  20-foot  telescope  caloa- 
lated  according  to  the  principles  developed  in  this  paper  with  that 
deduced  from  observation,  as  given  in  Fhil.  Trans,,  vol.  75,  p.  347, 
S43.  A  substantial  agreement  leads  to  the  conclaaiOn  that  no  single 
star  above  489.551,  or  at  most  613  times  as  far  as  Siritis,  can  any 
longer  be  secu  in  this  telescope. 
83    The  space-penetrating  power  of  the  large  reflector  was  192;  admit- 
ting that  stars  of  th^Tth  magnitude  are  visible  to  the  unassisted  eye, 
this  telescope  would  show  stars  of  the  l,342d  magnitude.    There- 
fore, »  cluster  of  5,000  stars  might  be  seen  by  the  40-foot  reflector  at 
a  distance  at  least  300,000  times  that  of  the  nearest  fixed  star. 
84-85    The  calculated  time  necessary  to  sweep  the  whole  heavens  with  the  40- 
foot  telescope,  assuming  100  hours  of  observing  time  in  the  year  as 
the  most  probable  deduction  from  experience,  is  812  years. 
[Dated]  Slough,  near  Windsor,  June  20,  1799. 

1800  90  255  Inveetigationo/tliePouitrso/theprianuiticColoursioheatandiUaminateOb- 
jecta;  witkretnarta  thai  prove  the  different  B^ranoiUlils  of  radiant  Seat 
To  mhieh  ia  added  an  Inqairy  Mo  the  Method  of  rt^uring  the  Sun  advan- 
tageously ufith  TcUtcopesoJ  targe  Apertures  and  high  magnifying  Fouiers. 
By  William  Hekschel,  LL.  D.,  F.  R.  S.     Read  March  27,  1800. 

255  "  It  is  sometimes  of  great  \)f-e  in  natural  philosophy  to  doubt  of  thiligs 

that  are  commonly  taken  for  granted ;  especially  as  the  means  of 
resolving  any  doubt,  when  once  it  is  entertained,  are  often  within 
our  reach. 

256  "In  a  variety  of  experiments  I  have  occasionally  made  relating  to  the 

method  of  viewing  the  sun,  with  largo  telescopies,  to  the  beat  advan- 
tage, I  used  various  combinations  of  differently  coloured  darkening 
glasses.  What  appeared  remarkable  was  that  when  I  used  some  of 
them  I  felt  a  sensatiou  of  heat,  though  I  hod  but  little  tight;  while 
others  gave  mo  much  light,  withacarce  any  sensation  of  heat.  Now, 
as  in  these  difierent  combinations  the  sun's  image  was  also  differently 
culonred,  it  occurred  to  me  that  the  prismatic  raya  might  have  the 
power  ofheatingbodiea  very  unequally  distribnted  among  them;  and 
aa  IJndgod  it  right  in  thia  respect  to  entertain  a  doubt,  it  appeared 
equally  proper  to  admit  the  same  with  regard  to  light.  If  certain 
colours  should  be  more  apt  to  occaaion  heat,  others  might,  on  the 
contrary,  be  more  fit  for  vision,  by  possessing  a  superior  illuminat- 
ing power.  At  all  events,  it  would  be  proper  to  recur  to  experi- 
ments for  a  decision." 

256-360  Eight  experiments  to  teat  heating  power  of  red,  green,  and  violet 
regions  of  the  prismatic  apectrum. 

261  Asa  result,  we  have  the  ptoportionof  the  rising  of  the  thermometer  in 
red  to  that  in  green  as  more  than  2}  to  1 ;  in  red  to  violet  about  ^  to  1. 
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1800      90    S62    Experimenta  on  Oie  illuminating  Poieer  of  coloured  Bay». 

S62-270  Ten  osperirafinta  on  thfi  visibility  of  objects  illnraiuated  by  dif- 
ferently colouied  light. 

268    "  The  masimiim  of  illumination  lies  in  tho  brighteBt,  yellow  or  palest 

270  "  Haj  not  the  chemical  propertiea  of  the  priBinatio  colours  be  as  dif- 

ferent as  those  which  relate  to  light  and  l^tT    Adequate  methods 

271  for  an  inTestigation  of  them  may  eagily  be  fonnd ;  and  -we  cannot 
too  minutely  enter  into  an  analysis  of  light,  -which  is  the  most  eabtla 
of  all  the  active  principles  that  are  concerned  in  the  mechanism  of 
the  operations  of  nature." 

Ba^ant  Heat  U  of  differenl  Befrangibilits. 

"I  must  now  remark  that  my  foregoing  experiments  ascertain  beyond 
a  doubt  that  radiant  heat,  as  well  as  light,  whether  they  bo  the 
same  or  different  agents,  is  not  only  refrangible,  but  is  also  subject 
372  to  the  laws  of  dispersion  arising  from  its  diSeient  refrangibility ; 
and,  as  this  subject  is  new,  1  may  be  permitted  to  dwell  a  few  mo- 
ments npon  it.  The  prism  refracts  radiant  heat,  so  as  to  separate 
that  which  is  less  efScaoioas  from  that  which  is  more  so.  Tbo 
whole  quantity  of  radiant  heat  contained  in  a  sunbeam,  if  this  dif- 
ferent refrangibility  did  not  esist,  must  inevitably  fall  uniformly 
on  a  space  equal  to  the  area  of  the  prism ;  and  if  radiant  heat  were 
not  refrangible  at  all,  it  would  fall  upon  an  oijual  space  in  the  place 
where  the  shadow  of  the  prism,  when  covered,  may  be  seen.  But, 
neither  of  these  events  taking  place,  it  is  evident  that  radiant  heat 
is  subject  to  the  laws  of  refraction,  and  also  to  those  of  the  different 
refrangibility  of  light.  May  not  this  lead  ns  to  surmise  that  radiant 
heat  consists  of  particles  of  light  of  a  certain  range  of  momenta, 
and  which  range  may  eit«nd  a  little  farther  on  each  side  of  refrangi- 
bility than  that  of  light!  We  have  shewn  that  in  a  gradual  ex- 
posure of  the  thermometer  to  the  rays  of  the  prismatic  spectmm, 
beginning  from  the  violet,  we  come  to  the  maximum  of  light  long 
before  we  come  to  that  of  heat,  which  lies  at  the  other  extreme.  By 
several  experiments,  which  time  will  not  allow  me  now  to  report, 
it  appears  that  the  maximum  of  illnmination  has  little  more  than 
half  the  heat  of  the  full  red  rays;  and,  from  other  experiments,  I 
likewise  concluded  that  the  full  ie<]  falls  still  short  of  the  maxi- 
mum of  heat,  which  perhaps  lies  even  a  little  beyond  visible  re- 
fraction, lu  this  case,  radiant  beat  will  at  least  partly,  if  not 
chiefly,  consist.,  if  I  may  be  permitted  the  expression,  of  invisible 
light;  that  is  to  say,  of  rays  coming  from  the  snn,  that  have  snch 
a  momentnm  as  to  be  unfit  for  vision.  And,  ailmitting,  as  is  highly 
probable,  that  the  organs  of  sight  are  only  adapted  to  receive  im.- 
S73  pre«sion8  from  particles  of  a  certain  momentum,  it  explains  why 
the  maximnm  of  illumination  should  be  in  the  middle  of  the  re- 
frangible rays,  as  those  which  have  greater  or  less  momenta  are 
likely  to  become  equally  unfit  for  impressions  of  sight.  Whereaa, 
in  radiant  heat,  there  may  be  no  snch  limilatiou  to  the  momentnin 
of  its  particles.  From  the  powerful  effects  of  a  burning  lens,  how- 
•  ever,  we  gather  the  information  that  the  momentum  of  tetrestiial 

radiant  heat  is  not  likely  to  exceed  that  of  the  sun,  and  that,  con- 
sequently, the  refrangibility  of  caUiriJic  rays  cannot  extend  much 
beyond  that  of  MEoitr(;!c  tight.    Hence,  we  may  also  infer  that  the 
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iuviaililo  bent  of  red-hot  iron,  gradually  cooled  till  it  ceases  to  shine, 
has  the  momentuiu  of  tlie  invisible  rays  which,  in  the  solai  Bpectmm 
viewed  by  daylight,  go  to  the  coiifinea  of  the  red ;  and  this  will  afford 
on  e^sy  solutioD  of  Che  reflection  of  invisible  heat  by  concave  mir- 

1800  90  873  Appliealimi  of  the  Besult  of  the  foregoing  0^*&^atiOHt  to  H«  Method  of 
viewing  the  Sun  oAvantagfouelg  icitA  Telescopes  of  large  Apertitrei  and 
high  nagnifying  Poiceri. 

274    Relation  of  experience  which  led  to  investigation. 

375-3T6  Esperimonte  on  the  absorption  of  various  media. 

277    Teleioopie  Experimente. 

277-282  Description  of  twenty -seven  esperiments  to  determine  the  best  form 
of  Bun-glaSB  for  telescopes. 

283  Certain  preoantions  to  he  observed  in  using  telescopes  on  the  snn. 
[Dated]  Slongh,  near  Windsor,  March  8,  1800. 

1800  90  284  Experinmle  <yH  the  B^fran^MUlg  of  the  inviiiile  Sage  of  the  Sim.  By 
WuxiAM  Hgrschel,  LL.  D.,  F.  B.  S.    ICead  April  24,  1800. 

284  Description  of  method.     Three  aenaitivo  thermometcTS  were  placed 

□pon  a  small  stand  npon  which  a  spectrum  of  the  sunlight  was 
caused  to  fnll. 

285  Report  of  first  experiment.    A  thermometer  }  inch  beyond  limit  of 

visible  red  rose  6j  degrees  in  10  minntee. 

286  Report  of  second  experiment.    As  »  resnlt  it  was  "evident  tjtat  there 

was  a  re&action  of  rays  coming  firom  the  sod,  which,  though  not 
fit  for  vision,  were  yet  highly  invested  with  a  power  of  occasioning 

287-^88    Experiments  at  the  violet  end  of  the  spectrum. 

"Fnim  these  last  experiments  I  was  now  sufficiently  persuaded  that 
no  rays  which  might  fall  beyond  the  violet  conld  have  any  percepti- 
ble power,  either  of  illuminating  or  of  boating ;  and  that  both  theso 
powers  continued  together  throughout  the  prismatic  spectnun,  and 
ended  where  the  faintest  Tinlot  vanishes." 

S89-290    Experiments  to  deteimine  the  situation  of  the  maximum  of  the 
heating  power. 

291  "The  5th  and  6th  experimento  show,  that  the  power  of  heating  is  ex- 
tended to  thfi  utmost  limits  of  the  visible  violet  rays,  but  not  beyond 
tbem,  and  that  it  is  gradually  impaired  as  the  rays  grow  more  reiran- 
gible. 
"The  four  last  experiments  prove,  that  the  maximum  of  the  heat- 
ing power  is  vested  among  the  invisible  rays ;  and  is  probably  not 
less  than  half  an  inch  beyond  the  last  visible  ones,  when  projected 
in  the  manner  before  mentioned.  The  same  experi  ments  also  show, 
that  the  sun's  invisible  rays,  in  their  less  refrangible  state,  and  con- 
siderably beyond  the  maximnm,  still  exert  a  heating  power  fully 
equal  to  thatof  red-coloured  light;  and  that,  consequently,  if  we  may 
infer  the  quantity  of  the  eficient  Irom  the  effect  produced,  the  invis- 
ible rays  of  the  sun  probably  far  exceed  the  visible  ones  in  number. 
"To  conclude,  if  we  call  light,  those  rays  which  iUuminate  objects,  and 
radiant  heat,  those  which  beat  bodies,  it  may  be  inquired  whether 
light  be  essentially  different  from  radiant  heat  t  In  answer  to  which 
I  would  suggest,  tbat  we  are  not  allowed,  by  the  rules  of  philoso- 
phizing, to  admit  two  different  canses  to  explain  certain  effects,  if 
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they  may  be  accounted  Tor  by  oue.  A  beam  of  radiaDt  lieat,  eman- 
ating  from  the  son,  couaUts  of  rays  that  are  differently  refrangi- 
ble. Hie  range  of  their  extent,  when  dispersed  by  a  prism,  begins 
at  violet-coloured  light,  where  they  are  moat  refracted  and  have 
the  least  efficacy.  Wo  have  traced  theee  calorific  rays  tbroDghont 
the  whole  extent  of  the  prismatic  spectrum;  and  fonnd  their  power 
iiicreasing,  while  their  lefrangibility  was  leasenedi  as  far  as  to  the 
1800  90  S92  conflneeofrod-Gcloured  light.  But  their  diminishing  le&tngibility 
and  increasing  power  did  not  stop  here;  for  we  have  ptiraued  them 
a  conHidetahle  way  beyond  the]>ri«ma(io  ipectTam,  into  an  invieibla 
state,  still  exerting  their  increasing  energy,  with  a  decrease  of  re- 
ftangibility,  np  to  the  maximum  of  their  power;  and  have  also 
tracedthem  to  that  state  where,  thouglisltll  refracted,  their  energy, 
on  account,  we  may  suppose,  of  their  now  Mling  density,  decreased 
pretty  fast;  after  which  the  invisible  Ihermomelrioal  speelnaa,  if  I 
may  so  call  it,  soon  vaniehed. 

"If  this  be  a  tme  account  of  solar  heat,  fur  the  support  of  which  I 
appeal  to  my  experiments,  it  remains  only  for  us  to  admit  that  SQch 
of  the  rays  of  the  sun  ae  have  the  refrangibility  of  those  which 
are  contained  in  the  prismatic  spectrum  by  the  constmction  of  the 
organs  of  sight  are  admitted  under  the  appearance  of  light  and 
oolonrs ;  and  that  the  rest,  being  stopped  in  the  coats  and  hnmonrs 
of  the  eye,  act  upon  them,  as  they  are  known  to  do  upon  all  th« 
other  parts  of  onr  body,  by  occasioning  a  sensation  of  heat." 

Explanation  of  Plate  XI,  in  which  is  given  a  view  of  the  apparstns. 

[Dated]  Slongh,  neax  Windsor,  March  17,  1800. 

1800  90  S93  Exjierimenta  on  the  tolar  and  ou  the  fenvsfiiai  Bays  that  ocBo^m  Seat; 
with  a  eomparative  new  of  the  Latci  to  whick  Light  and  Seat,  or  rati^ 
the  Bayi  whieh  occaeion  them,  are  tuhject,  in  order  to  delermin«  whether  theg 
are  the  »ame  or  different.  By  Wiluam  Herschki,,  IX,  D.,  F.  B.  8. 
Parti.    KeadMay  15,  1800. 

"The  word  heat,  in  its  cumiuon  acceptation,  denotes  a  certain  sen- 
sation well  known  to  every  person.  The  cause  of  this  sensation, 
to  avoid  ambiguity,  onght  to  have  been  distinguisbod  by  a  name 
different  from  that  which  is  used  to  point  out  its  effect.  Varions 
authors,  indeed,  who  have  treated  on  the  subject  of  heat,  have 
occasionally  added  certain  terms  to  distingnisk  their  conceptions, 
such  as  latent,  absolute,  specific,  sensible  heat,  while  others  have 
adopted  the  new  expressions  of  caloric  and  the  matter  of  heat. 
None  of  these  descriptive  atipellations,  however,  would  have  com- 
pletely answered  my  porpose.  I  might,  as  in  the  preceding  papers, 
have  used  the  name  radiant  heat,  wblch  has  been  introduced  by  a 
celebrated  author,  and  which  certainly  is  not  very  different  from 
the  espresetons  I  have  now  adopted ;  but  by  calling  the  subject  of 
my  researches  the  rays  that  occasion  heat  I  cannot  he  misunderstood 
as  meaning  that  those  rays  themselves  aiv  heat,  nor  do  I  in  any  re- 
spect engage  myself  to  show  in  what  manner  tbey  produce  heat 

"From  what  has  been  said  it  follows  that  any  objections  that  may 
be  alleged  front  the  snpposed  agency  of  beat  in  other  circum- 
S94  stances  than  in  its  state  of  radiance  or  heat-making  rays  cannot 
be  admitted  against  my  experiments.  For,  notnithstanding  I  may 
be  inclined  to  believe  that  all  phenomena  in  which  heat  is  con- 
cerned, such  as  the  expansion  of  bodies,  Quidity,  conEelation.fbF- 
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mentation,  Miction,  etc.,  aa  well  as  heat  in  ita  various  states  of 
being,  latent,  specific,  absolute,  or  sensible,  may  be  explained  on 
the  priueiijlo  of  heat-making  rays,  and  vibrations  occasioned  by 
them  in  the  parts  of  bodies;  yet  this  is  not  intended  at  present  to 
be  any  part  of  wliat  I  shall  endeavor  to  establish. 

"  I  mast  also  remark  that  in  using  tbe  word  rays  I  do  not  mean  to 
oppose,  iDUch  less  to  countenance,  the  opinion  of  those  philosophers 
who  still  believe  that  light  itself  cornea  to  us  from  the  sun,  not  by 
rays,  but  by  the  supposed  vibrations  of  an  elastio  ether,  every- 
where diflused  throughout  space,  I  only  claim  the  same  privilege 
for  the  rayn  that  oc(.asion  heat  whicb  thoy  are  willing  to  allow  to 
tbose  that  illuminate  objects.  For,  iu  what  maaner  soever  this 
radiance  may  be  effected,  it  will  be  fully  proved  hereafter  that  the 
evldenoe,  either  for  rays  or  for  vibrations  which  occasion  heat, 
stands  on  the  same  foundation  on  which  the  radiance  of  the  iUamin- 
ating  principle,  light,  is  built." 

"We  shall  begin  with  the  beat  of  Inminous  bodies  in  general,  sncb 
as,  in  the  first  place,  we  have  it  directly  from  the  snn;  and  as,  in 
the  second,  we  may  obtain  it  Irom  terrestrial  flames,  such  as  torches, 
candlea,  lamps,  blue-lights,  etc. 
I  "Onrnestdivisioncomprehends  the  heat  of  coloured  radiants.  This 
we  obtain,  in  the  first  place,  ftvm  the  bud,  by  separating  its  rays  in 
a  prism ;  aad,  in  the  second,  by  having  recourse  to  culinary  fires, 
openly  exposed. 

"The  third  division  relates  to  heat  obtained  from  radiants,  where 
neither  light  nor  colour  in  the  rays  can  be  perceived.  This,  as  I 
have  shown,  is  to  be  had,  in  the  first  place,  directly  from  the  sun,  by 
meaiis  of  a  prism  applied  to  its  rays;  and,  in  the  secoud,  we  may 
have  it  firom  fires  inclosed  in  stoves,  and  from  red-hot  iron  cooled 
till  it  can  no  longer  be  seen  in  the  dark. 

''  Besides  the  arrangement  iu  the  order  of  my  experiments  which  would 
arise  from  this  division,  we  have  another  subject  to  consider.  For, 
since  the  chief  design  of  this  paper  is  to  give  a  comparative  view 
of  the  operations  that  may  be  performed  on  the  rays  that  occasion 
heat,  and  of  those  which  we  already  know  to  have  been  effected  on 
the  rays  that  occasion  light,  it  will  be  necessary  to  take  a  short  re- 
view of  the  latter.  I  shall  merely. select  such  facts  as  not  only  are 
perfectly  well  known,  but  especially  such  as  wilt  answer  the  inten- 
tion of  my  comparative  view,  and  arrange  them  in  the  following 
order:  1.  Light,  both  solar  and  terrestrial,  is  a  sensation  occasioned 
by  rays  emanating  from  luminous  bodies,  which  have  a  power  of 
illaminating  objects;  and,  according  to  circumstances,  of  making 
them  appear  of  various  colours.  2.  These  rays  are  subject  to  the 
laws  of  reflection.  3.  They  ore  also  sahject  to  the  laws  of  refrao- 
i  tion,  4.  They  are  of  different  reftangibility.  5.  They  are  liable 
to  be  stopped,  in  certain  proportions,  when  transmitted  through 
diaphanous  bodies.  G.  They  are  liable  tu  be  scattered  on  rough 
surfaces.  7.  They  have  hitherto  been  supposed  to  have  a  power  of 
heating  bodies;  but  this  remains  to  be  examined. 

"The  similar  propositions  relating  to  boat,  which  are  intended  to  be 
proved  iu  this  paper,  will  stand  as  follows:  1.  Heat,  both  solar  and 
terrestrial,  is  a  sensation  occasioned  by  rays  emanating  Irom  candent 
■ubstnncea,  which  have  a  power  of  heating  bodies.    2.  These  rays 
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are  sabject  to  tho  lawa  of  reflection.  3.  They  are  also  subject  to 
the  laws  of  reflection.  4.  Tbey  are  of  different  refrangibility.  5. 
They  are  liable  to  be  stopped,  in  certain  proportions,  when  trans- 
mitted throngb  diaphanous  bodies.  C.  TUey  are  liable  to  be  scat- 
tered on  rough  surfaces.  T.  They  may  besappoaed,  when  in  a  cer- 
tain Btat«  of  OQCrgy,  to  have  a  power  oC  illuminating  objects;  bnt 
this  remains  to  be  examined." 
leOO      90    297     Ist  Experiment.     Eefieelion  of  the  Heat  of  the  San. 

A  thermometer  was  exposed  at  tho  eye  end  of  a  ten-feet  Newtonian 
telescope.  The  rays,  after  three  regular  reflections,  caused  the 
thermometer  to  rise  53  degrees.  The  experiment  cannot  ascertain 
whether  these  rays  were  those  of  light  or  not. 

Sd  Experiment.    Befieclum  of  the  Beat  of  a  Candle. 

The  ball  of  a  thermometer,  placed  in  tho  secondary  focna  of  a  steel 
mirror,  received  3}  degrees  of  heat  in  five  minutes. 
S98    3d  Esperiment.     ReJUoiioa  of  the  Heat  that  acoompanUa  the  Solar  Pria- 
malic  colosr*. 

The  same  mirror  was  covered  by  a  piece  of  pasteboard,  which,  through 
a  proper  opening,  admitted  all  tho  viHlblo  colors  to  fall  on  its  pol- 
ished sarfaces,  liint  excluded  every  other  ray  of  heat  that  might  be 
either  on  the  violet  or  on  the  red  side,  beyond  the  spectiam.  The 
999  thermometer  in  the  focus  rose  35  degrees  above  its  stationary  posi- 
tion iu  the  direct  red  rays  when  the  mirror  was  covered.  "  Thus 
the  prismatic  colours,  if  they  are  not  themselves  tho  heat-making 
rays,  are  at  least  accM^mpauied  by  such  as  have  a  power  of  occasion- 
ing heat,  and  are  liable  to  l>e  regularly  reflected,'' 

4th  Experiment.    Rejieciion  of  the  Heal  of  a  red-hot  Poker. 

300  5th  Experiment.     Refieelion  of  the  Heat  of  a  Coal  Fire  by  a  plain  Mim>r. 

301  6th  Experiment.     Befleetum  of  Fire-heat  bg  a  Fritm. 
303    7th  Experiment.     BeJlfCtion  of  Invieible  Solar  Heat. 

On  a  board  about  4  feet  6  inches  long  was  placed  at  one  end  a  small 
plain  mirror,  and  at  the  other  two  sensitive  thermometers.  Upon 
this  board  was  projected  a  prismatic  spectrum,  and  Jnst  beyond  the 
limit  of  the  red  rays  tho  mirror  was  stationed  so  as  to  reflect  invis- 
ible rays  to  the  ball  of  one  of  the  thermometers.    In  ten  minntea 

303  this  thermometer  stood  four  degrees  above  the  other. 

304  8th  Experiment.    Hejteotion  and  Condenaation  of  the  InviiibU  Solar  Bagt- 
At  the  focus  of  a  concave  mirror  was  placed  the  ball  of  a  tbermoma, 

ter.  Upon  the  mirror  was  thrown  a  prismatic  spectmm  which  oov- 
ered  half  the  mirror.  This  half  was  covered  by  a  pasteboard eoreen 
so  that  only  invisible  mys  were  reflected  to  the  ball  of  the  ther- 
momoter.     In  one  minute  the  thermometer  rose  19  degrees. 

305  9th  Esperiment,    Refiection  of  InviMble  Culinary  Heat. 

306-307    10th  Experiment.     Beflection  of  the  Invisible  Bags  of  Heat  of  a  Poker, 
eooled  from  bring  red-hot  till  it  could  no  longer  be  seen  in  a  dark  Plao», 

308  11th  Experiment,     Refraction  of  Solar  Heal. 

The  rays  from  the  sun,  falling  on  the  mirror  of  a  Newtonian  tele- 
scope 34  Inches  in  diameter,  were  transmitted  after  reflection  thioogh 
the  four  lenses  of  an  eye-piece  and  allowed  to  Ml  on  the  ball  of  a 
thermometer. 

ISth  Experiment.    B^rtuAio*  of  the  Heat  of  a  Candle. 

309  The  image  of  a  candle  flame  was  thrown  upon  the  ball  of  a  thennom- 

etet  bj  a  lens  1.1  in  diameter. 
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1800  90  310  I3th  EsperinieDl.  Refraction  of  the  Heat  that  aecompaniti  the  Coloured 
part  of  tke  Frismatic  Spectrata. 
A  bnming  lens  9  iDcbes  in  diameter  was  covered  by  a  piece  of  paste- 
board in  which  tbcre  was  an  opening  of  a  anfflcient  aize  to  admit 
all  the  coloured  part  of  the  prismatic  Bpectmm.  As  the  thermom- 
eter showed  rise  of  temperature,  the  concluBions  were,  that  if  the 
coloured  rays  tbetoselves  are  not  of  a  heat-malcing  nature,  they  are 
at  least  accompanied  with  rays  that  have  the  power  of  heating 
311        bodies,  and  that  these  rays  ore  subject  to  certain  laws  of  rofi^actlon 

lyhieh  cannot  differ  much  from  those  affecting  light. 
311-312    14th  Experimeot.     Refraction  of  the  heat  of  a  Chimneif  Fire.    The 

same  bumiug  glass  before  the  clear  fire  of  a  large  grate. 
313-314    15th  Experiment.    Refraction  of  the  Beat  of  a  Sed-hot  Iron.    Thia 

was  by  a  lens  of  1.1  inches  diameter. 
315-316    16th  Experiment.    R^rtuiHon  of  lire-keat  by  an  InetrulReatreteTn- 
bling  a  Teleecope. 

317  17th  Eipeilment.     RefraeHon  of  the  IniriHbU  rayi  of  Solar  Seat.    The 

bnming  lens  of  9  inches  diameter  was  half  covered  by  a  eoreen.  of 
pasteboard,  upon  which  the  prismatic  spectrum  was  thrown,  keep- 
ing the  last  visible  red  colour  one-tenth  o£  an  inch  fh>m  the  edge  of 
the  pasteboard.  The  thermometer,  which  had  its  ball  at  the  focus 
for  red  rays,  showed  great  increase  of  temperature;  but  at  the  same 
time  exhibited  a  slight  red  colouration.  This  occaaioned  a  snrmise 
that  possibly  the  invisible  rays  of  the  sun  might  become  visible,  if 
.  they  were  properly  condensed. 

318  19th  Experiment.    Tricl  to  render  the  Invi^bU  Saye  of  the  Svn  VUible 

bij  Qmdeniation. 
The  previous  experiment  was  modified  so  that  the  last  visible  red 
colour  was  two  tenths  of  an  inch  &om  the  margin  of  the  paste- 
board.    Here  a  marked  increase  of  temperature  was  evinced  with- 
out a  vestige  of  light. 

319  19th  Experiment.     Refraction  of  Invisible  Culinary  Seat. 

A  heated  cylinder  of  iron  was  placed  oo  one  side  of  a  lens  of  1.1  inches 
diameter,  and  the  ball  of  a  thermometer  in  the  secondary  fbooB  on 
the  other  side  of  the  lens.  A  small  pasteboard  screen  was  alternately 
removed  from  before  the  thermometer  and  replaced,  the  thermometer 
exhibiting  corresponding  rise  andfalloftemperatote,  from  a  blight 
red  heat  of  the  cyUnder  down  to  its  weakest  state  of  black  heat. 

3SI>-331    HOih  Experiment,     Confirmation  of  the  19th. 

322  "As  we  have  now  traced  the  rays  which  occasion  heat,  both  solar  and 
terrestrial,  through  all  the  varieties  that  were  mentioned  in  the  be- 
ginning of  this  paper,  and  have  shown  that  in  every  state  they  are 
subjectto  the  laws  of  reflection  and  refraction,  it  will  be  easy  to  per- 
ceive that  I  have  made  good  a  proof  of  the  first  three  of  my  prop- 
ositions. For  the  same  experiments  which  have  convinced  us  that, 
according  to  our  second,  and  third  articles,  heat  is  both  reflesiblo 
and  refrangible,  establish  also  its  radiant  nature,  and  thus  equally 
prove  the  first  of  them." 
[Dated]  Slough,  near  Windsor,  April  36,  1800. 

323-32fi    Explanation  of  the  Figuret.    Plates  XII,  XII,  XIV,  XV,  and  XVI. 

1800      90    437    Experiments  on  the  Solar  and  m  the  Terrestrial  Rays  that  oecamm  Meat; 

tcith  a  comparative  Fiea  of  the  Laai  to  vihiek  Light  and  Beat,  or  rather 

the  Rayt  which  occation  them,  are  saWecf,  in  order  to  deteraww  wftettei- 
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they  are  the  same  or  different.    By  WlU-lAM  Herschei.,  LL.  D.,  F.  R.  8. 
Part  II.    Road  Nov.  6, 1800. 
"The  next  three  articlea  of  this  paper  will  leqniie.  that  while  we 
shew  tlie  similarity  between  light  and  heat,  \re  should  at  the  eame 
time  point  out  some  striking  and  sabBtantial  diEFerences,  which  will 

1800      90    436        occur  in  oar  experimenta  on  the  rays  which  occasion  them,  and  on 
which  hereaftei  we  may  proceed  to  argue,  when  the  quesiioii  re- 
served for  the  conclusion  of  this  paper,  whether  light  and  heat  be 
oncasioned  l>y  the  same  or  different  rays,  conies  to  be  discussed." 
Abt.  IV.  Different  Be/rangibility  of  the  Bag*  of  Heat. 

439  Construction  of  a  curve,  from  experimenta  before'  described,  the  ab- 

scisBaa  of  which  represent  the  arrangement  of  colours  in  the  pris- 
matic spectnim,  and-the  oidinat«s  the  corresponding  luminons  in- 
tensity. 

440  Conatraction  of  a  curve  which,  in  a  similar  manner,  represents  the 

diatribation  of  heat  in  a  priamatio  spectrum. 
"A  mere  inspection  of  the  two  figures,  which  have  been  drawn  aa 
lying  on  each  other,  will  enable  ns  now  to  see  how  very  differently 

441  the  prism  diapersea  the  heat-making  rays,  and  those  which  occasion 
illaminatioa.  •  •  *  These  rays  neither  a^ee  in.  their  mean 
tefrangibility  nor  in  the  situation  of  theit  maxima." 

441-443  Slat  Experiment.  The  sinea  of  Refraotion  of  the  heat-ndk\ng  Rays  are 
in  a.  Constant  Ratio  to  the  sines  of  IiuMenoe.  Ten  different  refracting 
angles  of  varioae  media  were  used. 

443  22nd  Experiment.  Correction  of  the  Different  SefrangiUlity  of  Heat  6jr 

eontrarfi  IC^aclion  in  Different  Mediumt.  An  achromatic  combina- 
tion of  two  crown  prisms  and  one  flint  deflected  no  heat  outside  the 
visible  apectrum. 

444  23rd  Experiment,  in  Buming-glaaaea  the  Fooua  of  iA«  Baye  of  Heat  ia 

Different  from  the  FoBua  of  the  Bays  of  Light. 

445  Abt,  V.  Tranemiteion  of  Seal-making  Bays. 
446-448    Description  of  apparatos  for  this  investigation. 
447    [Foot-not«.]  Theory  of  the  sensibility  of  thermometers. 

449  Trangmiieion  of  Solar  Heat  tkrough  Colourless  Subatancst. 

34th  Experiment.  The  transmisaion  of  raya  by  a  piece  of  bluish-whito 
glass  measured. 

450  Reference  f«  Table  7  at  the  end  of  the  paper,  which  gives  the  propor- 

tion of  light  tranamitted  by  various  eui>stances,  solid  and  liquid, 
white  and  coloured. 

451  25th  Experiment.  Transmiasion  through  a  piece  of  flint  glass  }  Inoli 

thick. 
453-4&3    Experimeata  36  to  30.  Tranamisaion  through  crown  glass,  coaoh 

glass,  Iceland  crystal,  and  two  varieties  of  talc. 
453    Tranvmiseion  of  Solar  Heat  ikrongh  Glasses  of  the  prismatic  colour*. 
453-456    Experiments  31  to  43. 
456    IVansmiMioA  of  Solar  Heat  (AroujA  Ziguids. 
457-458    Experiments  44  to  49.  Transmission  through  well-water,  aea- 

water,  spitits  of  wine,  gin,  and  brandy. 
458    Tranamiaaion  of  SoUr  Esat  through  Scattering  Substanoet. 
45&-462    Experiments  60  to  62.  Transmission  through  variona  pieces  of 

ground  glass,  an  olive-coloured  glass,  calcined  talc,  white  paper, 

linen,  white  perxiau,  and  black  muslin. 
462    Tranamistiim  of  Terrestrial  FloTne-heat  through  variotta  Substances. 
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leOO      90    463-463    DoBcriptioa  of  apparatus  used. 

464-470    Experiments  63  to  93.  Tiansmission  of  heat  from  &  candle  flame 
through  the  variouH  subBtaDC«B  lAed  betore. 

470     Tranamisiioa  of  the  Solar  Heat  whiok  it  of  an  Equal  BefrangHriliti/  loiA 
'  Bed  Priamatia  Rays. 

4T0~4Tt    Description  of  apparatus  need. 

471-470    ErperimeDt8  94  tollti.  TraDsmiasion  of  red  solar  raj-s  through  the 
Bubstancee  used  before. 

476    Travamigmon  of  Fire-Heal  t\rovgk  variout  Sabattatoet. 

476-477    Description  of  apparatna. 

477-485    Experiments  117  to  147.    Tiansmission  of  heat  from  a  grate  fiis 
through  the  same  plates  before  aaed. 

485    Tranemiaaion  of  the  Invi$ible  Ras'  of  Solar  Heat. 

485-490    Experiments  148  to  169. 

490     TrantmiaaUM  of  Inviaible  Terrettrial  Heat. 

490-493    Method  and  apparatus  employed. 

492-497    Experiments  170  to  194.  TransmiBsioD  of  heat  from  a  store  by  the 
plates  before  used. 

497    Abt.  VL  Scattering  of  SoUir  Heat. 

497-498    Description  of  apparatus. 

499-506    Experiments  195  to  219.  Determinations  of  the  amount  of  beat 
scattered  by  various  hinds  of  paper,  textile  fabrios,  metals,  &c. 

506    Abt.  YII.   Whether  Light  and  Heat  beoccaaumed  by  the  aam«  or  by  Differ- 
ent Baya. 

506  ' '  Before  we  enter  into  a  discussion  of  this  question  it  appears  to  me 
that  we  are  authorized,  by  the  experiments  which  have  been  de- 
livered in  tbis  paper,  to  malie  certain  conolusions  that  will  entirely 
alter  the  form  of  our  enquiry.  Thus,  from  the  18th  experiment  it 
appears  that  SI  degrees  of  solar  heat  were  given  in  one  minute  to 
a  thermometer  by  rays  which  had  no  power  of  illnminating  objects 
and  which  could  not  be  rendered  visible,  notwithstanding  they 
were  brought  together  in  the  focus  of  a  burning  lens.  The  same 
baa  also  l>een  proved  of  terrestial  heat  in  the  9th  experiment,  where 
in  one  minut*  39°  of  it  were  given  to  a  thermometer  by  rays  totally 
invisible,  even  when  condensed  by  a  concave  mirror.  Henf.e  it  is 
estabtishedj  by  incontrovertible  facte,  that  there  are  raps  of  heat, 
both  solar  and  terrestrial,  not  endowed  with  a  power  of  rendering 
objects  visible. 
"  It  has  also  been  proved,  by  the  whole  tenonr  of  our  prismatic  ex- 
periments, that  this  invisible  heat  is  continued,  from  the  beginning 
of  tbo  least  refrangible  rays  towards  the  most  refrangible  ones  in  a 
series  of  nnintermpted  gradation,  from  a  gentle  beginning  to  a 
certain  maximum,  and  that  it  afterwards  declines  as  unifbrmly  to 
a  vanishing  state.  These  phenomena  have  been  asceriAuied  by  an 
InHtmment  which,  figuratively  speaking,  we  may  call  blind,  and 
which,  therefore,  could  give  ns  no  information  about  light;  ye^ 
by  its  faithful  report,  the  thermometer,  which  is  tbe  instroment 
alluded  to,  can  leave  no  doubt  about  the  existence  of  the  different 
degrees  of  beat  in  the  priamafio  spectrum. 
"This  consideration,  as  has  been  observed,  jnnst  alter  the  form  of 
OUT  proposed  inquiry,  for  the  qnestion  being  thus  at  least  partly 
decided,  since  it  is  ascertained  that  we  have  rays  of  heat  which 
give  no  light,  it  can  only  become  a  subject  of  inquiry  whether 
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some  of  tbese  heat-mabing  rays  may  not  have  a  power  of  render- 
ing objects  visible,  superadded  to  tbeir  now  already  established 
power  of  heating  bodies," 
IBOO     90    508    "  It  has  been  shown  that  the  effect  of  heat  aud  of  illnmination  may 
■  be  represented  by  the  two  nnited  spectra  which  we  have  given." 

"  Now  when  these  are  compared  it  appears  that  those  who  wonld 
liave  tbe  rays  of  heat  also  to  do  the  office  of  light  must  be  obliged 
to  maintain  the  following  arbitrary  and  revolting  positions,  namely: 
that  a  set  of  rays  conveying  heat  should  all  at  once,  in  a  certain 
part  of  the  spectnim,  begin  to  give  a  small  degree  of  light;  that 
this  newly  acqait«d  power  of  iUnmioation  should  increase  while 
the  power  of  heating  is  on  the  decline ;  that  when  the  illuminating 
principle  is  come  to  a  masimnm  it  should  in  its  tnm  also  declino 
very  rapidly  and  vanish  at  the  sametime  with  the  power  of  heating. 
.   How  can  effects  that  are  so  opposite  be  ascribed  to  the  same  cause  t " 

509  Relation  of  the  le&angibility  of  the  maximum  heat-making  rays 

and  that  of  the  rays  of  maximum  luminousity. 
Table  I. — Containing  the  results  of  experiments  24  to  30. 

510  T&BLB  II. — Containing  the  results  of  eTperiments  3'1  to  43,  followed 

by  a  discussion  of  the  same. 

511  Table  III. — Results  of  experiments  on  liquids. 

511  Table  IV.  Contiuning  the  stoppages  occasioned  by  scattering  snb- 
stances. 

612-G19  Argument  fonnded  upon  the  data  contained  in  these  four  tablee. 
The  general  course  of  this  argument  is  that,  assuming  the  heat- 
making  rays  and  rays  of  light  to  be  of  the  same  nature,  a  ratio  of 
the  efficacy  of  the  invisible  rays  to  that  of  the  luminous  rays  de- 
rived from  one  set  of  experiments  is  incompatible  with  the  ratio 
derived  f^om  any  other  set.  Under  the  assumption  that  the  heat- 
maklog  rays  are  essentially  different  from  light  rays,  this  incom- 
patibility does  nut  appear. 

^0  Table  V,  Stoppagt  of  FriemaHe  Seat  of  tke  EtfrangibilUy  of  the  Be* 
Baye,  and  of  the  InvUiiiU  Ray». 
'  [Tbe  measurements  on  dark-red  glass  here  quoted  is  Herbchbl's  da- 
cislve  experiment,  proving  that  heat-m^ing  rays  are  not  the  same 
by  nature  as  tbe  light  rays.  The  experiment  involves  a  photome- 
tric determination  not  described,  the  result  of  which  is,  however, 
quoted.] 

6S1-&23    Aigament  founded  upon  data  in  above  table. 

524  Table  TI.  Containing  the  results  of  the  experiments  on  the  trans- 
mission of  terrestrial  heat. 

525-527  Showing  the  impossibility  of  explaining  these  resnlts  by  any  as- 
sumption as  to  the  ratio  of  the  ofHcaey  of  visible  and  invisible  raya. 

528  1M}U  of  the  TTan«mU»ion  of  TerTeetrial  Scattered  Light  throvgli  rariotit 
Siibatajicta ;  with  a  ehort  Acnortiit  of  /he  Method  by  tchich  tke  Ee»«ll» 
contained  in  tht»  Table  have  bemi  obtained. 

528-531  Description  of  the  method  and  apparatus  used,  both  being  fonnded 
upon  the  principles  of  Bougckk.  The  sources  of  scattered  light 
were  vanes  of  white  paper  illuminated  by  a  bunp. 

63S-533  Table  VII.  This  table  contains  the  transmitting  power  for  li^t 
of  nearly  all  the  sobstances  used  in  tbe  experiments  of  this  paper. 

533    Table  of  the   Proportional   Terreslriat   Light  Scattered  bg  earioiw  Sab- 
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IBOO      90    533-534    Method  of  detennination. 

634-535  Tablb  VIII.  Containing  the  relative  Bcatteriug  power  of  thirty- 
three  bodies. 

535-538    Explanation  of  the  PlaUii. 

1801  91  865  Obaernatiova  tending  to  inveeligale  the  Nature  af  the  Sun  in  order  lo  fiui 
the  Causes  or  Symptoms  of  it»  variable  Emia»ion  of  lAght  and  Seat; 
tcilk  Jtemarki  on  the  Use  that  mag  poetiblg  be  draum  from  Solar  Oiwr- 
vatUms.  By  William  Hekschel,  LL.  D.,  F.  B  S,  Rend  April  16, 
1801. 

S65-Q66  Refeience  to  Hebschel's  mtv,  given  on  a  former  ocoaaian,  that 
the  SDH  is  a  magnificent  habltalile  globe ;  declaiadon  that  these  more 
reoent  obnecvations  snpport  that  view ;  and  a  statement  as  to  the 
importance  of  solar  observations  in  their  bearing  npon  tlie  climate, 
together  witli  an  opinion  that  snch  observationH  wiU  enable  na  t4) 
predict  the  character  of  a  season. 

S6T-S68  Definitions  of  the  terms,  openings,  ekaUows,  ridgee,  noduiei,  corm- 
gatiota,  indentatiotit,  andporee. 

969    Explanation  of  the  form  of  the  paper  and  the  reasons  for  it. 

S70    Of  openikgs.    Openings  ar«  Plaeei  where  the  luminom  Cloudt  of  the  8m 
are  removed. 
[Foot-note.]  For  a  geometrical  proof  of  the  depression  of  openings 
a  reference  to  a  paper  by  Alexander  Wilson,  Phil.  "Rant.,  toL 
64. 

271  Large  Openings  ham  generally  Shallowe  ahctit  Aem.  Many  Openingi  are 
mthout  Shallows.  Sinall  Openings  are  generally  withoat  Shalloae, 
Openings  have  generally  Ridgee  and  Nodnlee  about  them. 

373  Openingi  have  a  Tendency  to  mn  into  each  other.  Neai  Openings  ireaii  out 
near  other  Openimga,     Probable  Cause  of  Openings. 

ZJ3    Direelion  and  Operation  of  the  disturbing  Cause. 

ZIA    Maxima  of  Openings. 

275  There  is  «innfl  Difference  in  the  colour  of  Openings.     Openings  dittf<i«  when 

they  are  Seoaying. 

276  Decaying  Openings  sometimes  inereaie  a^oin.     When  Openings  are  Guided 

they  grow  lees  and  vanieh.  Deoayed  Openings  n>in«liniee  become  large 
indSNtafions. 

3T7  Decaying  Openings  turn  sometimes  into  Pores.  Wh«n  Openings  are  van- 
ished, they  leave  Disturbance  behind. 

378  Apparent  7ieK  into  the  Openings,  under  luminous  Sidgei  and  Shallows, 
Depth  of  the  Openings  iadieuted  by  their  Darkness. 

279  Distance  between  the  Shallows  and  solar  Surface,  indicated  by  the  free 
Motion  of  low  Vlouds. 

S80  Of  Shallows.  Shallines  are  d^ressed  below  the  general  Surface  of  the 
Sun;  and  are  Placet  where  the  luminout  solar  Clouds  of  the  upper  Se- 
gione  ore  removed.     The  Thiclatesa  of  the  Shallows  is  visible. 

281  Sometimes  there  are  Sltallows  without  Openings  in  them.  Incipient  Sludlowi 
come  from  the  Openings,  or  branch  out  from  Shallows  already  formed, 
and  go  forwards.     Probable  Cause  of  Shallows. 

283    Shallows  have  no  Corrugations,  but  are  tufled.    Decay  of  Shallows. 

283  Or  EiiXJES.    ICidges  are  Elevatione  above  the  general  Surface  of  the  lu- 

minous Clouds  of  Che  Sun. 

284  Length  of  a  Bidge.     Bidgee  generallg  aocompany  Openings.    Sidgei  are 

also  often  in  Plaees  where  there  are  no  Opeiiinj)s. 
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1801      91    285    Bidgctditpene  very  toon.     Different  Cau»e»  of  Eidgea  hinted  at. 

286    Of  Nodulbs.    yoditlet  t&e  tnwll,  ft»f  kigMg  elevated,  luminous  Plaeei, 

SodnJei  may  be  Sidget  fOTe-:hiirlened. 
297    Of  Corrugations.    Corrugationi  connst  of  Elevaliont  and  Depreitiant. 

Cormgatiowt  extend  all  over  the  Surface  of  IKe  Sun. 
288    Diapened  Bidget  or  HoduUt  make   Comgation».     Corrugatiant  change  . 

tMr  Shape  and  Situation ;   tkeii  inonaee,  diminish,  divide,  and  ronM 

qiticllg.  ' 

28D    Of  iNDENTATiOJfS.     The  dark  place*  of  Corrugations  are  Indentation*. 
290    Indentations  are  iriUout  Openinge.     In  some  places  the  Indentations  eon- 

(oan  (mail  Openinge.     The  Elevation*  and  Indentation*  of  Corrugation* 

are  of  different  Figures.     Indentations  change  to  Openings. 
S91    Indentations  axe  of  Ike  same  Nature  a*  Shallows.     Indentations  are  hw 

Plaoea,  whto't  often  contain  very  small  Openings.     Indentation*  are  of 

different  Size*.     Indentation*  are  extended  all  over  the  Sun. 
292     IVith  low  magnifging  Poaern,  Indentations  teill  appear  like  Fointi. 

292  Of  Fores.     The  lote  places  of  Indentation*  are  Pares.     Pore*  increatt 

sometime*,  and  become  Openings.    Pore*  vanish  gaicklg. 

293  Of  the  Beoionb  of  soi.4r  ci«uu8. 
Changes  in  the  Solar  Cloud*  happen  conHHuallj/. 

294  There  are  tivo  different  fleffio?!*  <^  Solar  Clouds. 

The  ii(/erii>r  cloud*  are  opaque,and  probably   not  unlike  those  of  our 
Planet. 

295  Quantity  of  light  reflected  from  the  inferior  Planetary  Clouds. 

297  Indentations  are  planetary  Clouds,  reeling  light  through  the  open  Part* 
of  the  Corrugations.  The  opaque  inferior  Clouds  probably  suffer  but 
little  of  the  light  of  the  self-luminou*  superior  Clouds  to  cone  to  the  Body 
of  the  Sun.     Motion  of  the  inferior  Clouds. 

398  Lofton  of  the  superior  Clouds. 

399  Eminent  V*»  of  the  planetary  Clouds. 

300  Of  THE  BOLAB  ATM08PHKRE.    The  Swnhos  a  planetary  Atnmephere.  Tit 

Sun's  planetary  Atmosphere  extends  to  a  great  Selght.     The  planetarj/ 
Atmosphere  of  the  Sun  is  of  great  Density. 

301  The  Solar  Atmosphere,  like  onr*,  i*  tubjeot  to  Agitations,  such  a*  wiih  H 

are  occasioned  by  Wind*.     There  is  some  clear  Atmospheric  Space,  (•• 
Iween  the  solid  Body  of  the  Sun  and  the  lowest  Beglon  of  the  Cloud*. 

302  The  Sun's  planetary  Atmosphere  i*  transparent, 

303  Theokrtical  kxplanation  of  the  solab  phenomena. 
Generation  of  Pobbs. 

304  Fiyrmation  of  Corrugations.     Cause  of  Indentalioiw. 

305  Cauteof  the  mottled  Appearance  of  the  Sun.     Ibrmalion  of  small  OpMt- 

ingi,  Bidges,  and  Nodules.     Production  of  large  Openings  and  Shot- 

306  Signs  of  scarcitt  of  luminous  matter  in  the  sun. 

Visible  Deficiency  of  empyreal  Clouds.    A  perfect  Calm  in  the  upper  Jte* 
^118  of  solar  Clouds.       Want  of  Openinge,  Bidges,  and  Nodulet. 

307  Many  Indentations  without,  and  other*  with,  changeable  Pore*. 

308  'SlQNS  OF  ABUNDANCE  OF   LUMINOUS   HATTEH  IN  THE  SUN. 

Visible  Increase  of  empyreal  Clouds.     Many  Openings,  Bidges,  and  No- 
dules. 
310    Coarse  and  luminous  Corragalions. 

[Each  of  the  above  beodiiigs  is  followed  by  quotftUoDS  from  Hkb- 
SCHEl's  JonmolB  id  confirmation]. 
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IBOl  9t  310-318  A  ){cuenkl  disciuitioD  of  the  coiicluBiona  to  Ik  deduced  from  the 
etisoTvatioDs  quoted  in'Ihls  paper.  [To  Hbrscubl  it  seemed  tliat 
the  abaence  of  Openings,  Bidgea,  aod  Nodules,  tadicated  a  scarcity 
of  luniinoue  matter  id  t)te  sun,  and,  therefore,  that  the  aeiuaiis 
duriDg  nliicli  such  conditions  of  the  aunirere  recorded  onght  to  be 
of  a  lon'or  temperature.  He  flads  support  for  this  view  in  tbo 
biglinr  price  of  wheat  during  the  live  recorded  |>eriods  of  scarcity 
of  sun  spots.] 
318  Explanntiou  of  the  tst,  'ii,  11th,  nud  I'Jth  Hgiires  of  Plates  XVllI 
andXIx: 

leOl  91  354  Amtlo»al  ObtereaHoiti  ten^ng  to  invttligale  tk»  Ssmptonu  of  the  rariabU 
Enittion  of  tkt  Ligkl  and  Seat  of  the  Sun;  with  Trial*  to  »tt  a$lde  dart- 
entug  Olautt,  bg  traiunitlin?  line  Solar  Bagt  through  Liquidn;  and  a 
fiw  Remarkato  rsncca  Objvctloia  that  might  be  made  againttiome  of  the 
Arguments  conlained  in  the  former  Paper.  By  William  Krkschel, 
LL.  D.,  F.  R.  S.  Read  Hay  14,  IBOl. 
354-355  CoDsideratiouB  as  to  the  relationa  of  the  conditioD  of  tlie  sninr  Riir- 

foce  and  tbe  weather. 
356  "Belbre  I  proceed,  I  must  liiut  to  those  who  m.iy  be  willing  touttend 
to  this  subject,  that  I  have  a  strong  suspicion  that  one  half  of  oiir 
sun  is  less  favorable  to  a  copions  emission  of  rays  than  the  other; 
and  that  its  variable  lustre  may  possibly  appear  to  otlier  solar  sya- 
tems,  as  irregnlar  periodical  stars  are  seen  by  ns ;  bnt,  whether  tliis 
arises  from  some  permanent  construction  of  tbe  solar  surface,  or  ia 
356        merely  an  accidental  circumstance,  must  be  left  to  future  iiivcstl- 

gatiou :  it  should,  however,  be  carefully  attended  to." 
356-361  OUemaliinu  of  tht  (iin. 

301  DeBoriptioQ  of  a  skeleton  eye-piece,  into  the  vacancy  of  which  may- 

be placed  a  moveable  trongl^  Bbnt  at  the  enda  with  plain  glas-tes, 
so  that  tbe  sun's  rays  nay  l>e  made  to  pass  through  any  liquid,  such 
as  spirits  of  wine,  Port  wine,  mixture  of  ink  and  water,  etc.,  placeil 
in  tbe  trough. 

302  ExpLAN&TioK  OF  THE  FiauRBB.    Plate  XXVIII. 

tH02     92     213     Obtarvalioiu  on  tha  two  lately  dlioovtrei  boditi.     [Ceres  and  Pallas.]     B7 
WnxiAM  Hbrschkl,  LL.  D.,  F.  R.  8.    Read  May  6,  1802. 

313  [Cerei]  is  of  very  small  site.    [Foot-noto.]    Its  real  diameter  is  not 

as  great  as  three^ghths  of  one  moon. 

314  Mofnitmde  of  the  new  Star*.     [Owaud  Palloi.] 

April  1,  1803.  I  placed  a  Incid  disc  at  a  oonaiderable  distance  from 
the  eye  and  viewed  witJi  one  eye  the  magnified  star  (seen  with  a 
7-foot  reflector)  and  the  Incid  disc  with  the  other. 

315  By  this  means  it  appeara  that  the  real  diameter  of  Cerr*  is  not  above 

0".40. 
215    Aplil  3L     With  a  teu-fimt  reflector  the  same  ei 
817    April  2i.     For  Cersi  the  diameter  was  0".'ii. 

0".13. 

318  The  real  diameters  are,  then,  Cerm  161.6  miles,  Palla*  147  milee. 

319  Of  Satellitei.     [Observations  on  this  subject.  ] 

SHO  There  is  certainly  no  satellite  to  Certt  that  can  ha  seen  with  the  20- 
foot  reflector. 

2M  ((f  the  Color  of  the  nmc  Star*.  The  color  of  Cere*  is  ruddy  but  not  very 
deep.    Cere*  is  more  ruddy  than  PalUu,    PatUu  is  of  a  dusky  whitish 
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ie(e      92    221     Of  the  Appearance*  of  the  new  aian  with  regard  to  a  Disk. 

CereihoA  a  visible  disk.    PaZW  disk  I  wonld  rather  call  a  nndetm 
2S1     Of  the  appearances  of  ihs  neu>tlars,vii(k  regard  to  ttnafmoKphereifrtinim. 

HObservationa]  probably  no  coma. 
S23    On  IJm  nature  of  the  nea  Stare. 

223  What  are  these  new  atara;  are  they  planets  or  are  they  ooraefal 

224  Planets  defined  (by  7  particalar  propftrtiea). 
3S5    Oni  new  stars  cannot  be  calleil  planets. 
^6    Comete  defined  (by  5  partieular  properties). 

328  The  new  stars  are  not  comets.    They  should  be  called  Afteroid*  firom 

their  resemblance  to  small  stars. 
'339    Asteroids  defined. 
^39    Statement  of  the  reasons  we  have  for  expecting  that  additional  asto- 

roidfl  may  probably  be  soon  found  out 

329  I  have  already  made  five  reviews  of  the  zodiac  without  dct^oting^any 

of  these  asteroids;  their  motion  and  ncA  their  appearance  will  be 
the  future  means  of  detecting  them. 
230    We  have  reason  to  believe  that  a  number  of  asteroids  may  remain  con- 
cealed. 

230  Comets  may  become  aatoroids. 

231  Additional  oJMrcolion*  relating  to  the  appearance!  of  the  oMrroidi  Cert* 

avd  Pallae. 
The  coma  of  Ceree  not  much  creater  than  that  of  stars  of  the  same 
magnit  nde. 

232  The  fixed  stars  differ  considerably  in  this  respect  among  themselves. 
332    The  coma  of  Pallas  not  much  more  than  for  equal  fixed  stars. 

1802  92  477  Catalogiie  of  500  new  XehuliB,  nebuloue  Star$,  pJanetari/  nebulm  and  Cliu- 
tere  of  Stars;  with  Baaarks  on  the  conatrvetion  of  the  Heavvni.  By 
William  Hbkscuel,  LL.  D.,  F.  R.  8.  Bead  July  1,  1802. 
After  a  snfficieot  nnmber  of  celestial  objects  is  found,  there  is  aneees- 
sity  for  a  scientific  classifieation.  The  former  claemfication  was 
only  for  the  convenience  of  the  observer. 

478  BNDMEK4TI0N  OF  THE  PAKT8  THAT  EITTBR  INTO  THE  CONSTROCnON 

OF  THE  HEAVENS. 
I.  Of  Inmlated  Smra. 

479  Notion  of  an  insulated  star — our  sun  is  one. 

480  The  milky  way  consists  of  stars  very  differently  scattered  tcom  those 

which  are  immediately  about  as. 

480  By  analogy  we  may  admit  that  every  insulated  star  may  be  attended 

with  planets,  etc.    I  should  hesitate  to  extend  this  analogy  to  every 
star  in  the  heavens,  and  even  think  that  probably  we  can  only  look 
fbr  solar  systemu  among  insulated  stars. 
4S0    n.  Of  JWiwrj  Sidereal  Sjrtem*  or  Double  Stare. 

481  Difference  between  a  donble  and  a  binary  star. 

482  Difference  between  solar  and  wdereal  systemB. 

483  Ho  insulated  stars  of  nearly  an  equal  size  and  distance  can  appeal 

donble  to  ns. 

483  "proof  of  this. 

4K  Casual  sitnations  will  not  aocoont  for  the  multiplied  phenomena  of 
donble  stars,  and  their  existence  is  owing  to  a  genera]  law  of  na- 
ture— gravitation  is  that  law. 

486  I  shall  soon  communicate  a  series  of  observations  on  double  stars, 
proving  that  mony  of  them  have  alreadg  ehanged  their  eituaGon  idU* 
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regard  lo  each  otker  in  a  progretiive  eouree,  denoliny  a  periodical  revolu- 
liott  round  eaeh  other. 
Our  SQD  does  not  belong  to  snch  a  syatem. 

III.  O/more  complicated  Sidereal  Sj/iletM,  or  treble,  quadruple,  quintaplCr 
and  multiple  stars. 
1802  93  487  Theorem  as  to  the  permanent  oonnectiou  of  revolving  Htara,  when  tho- 
forces  acting  on  any  one  of  them  rednced  to  a  direotion  as  oomicg 
from  tho  empty  centre  ore  in  the  direct  ratio  of  the  distances  frtHii 
that  centre. 
438-494    Eypolbetical  examples  of  such  multiple  stars. 

494  Such  combinations  ae  tLave  mentioned  are  not  the  inventions  of  fancy ; 

they  have  an  actaal  existence ;  and,  were  it  neccsaary,  I  conld  point 
them  out  by  thoasands. 

495  I  do  not  imagine  that  I  have  pointed  oat  the  Actual  manner  in  wbicb 

they  are  held  together,  but  only  the  possibilitieH  of  anch  onloiiB. 

495    IV.  0/  ClMtering  Stars  and  ths  Milky  Way. 

Marks  of  clnstering  in  the  milky  way.  Example  of  the  stars  between 
yS  and  ^  Cygni. 

49fl  "We  may  indeed  partly  ascribe  the  increase,  both  of  brightnesa  and 
of  apparent  compression,  to  a  greater  depth  of  the  space  which  con- 
tains these  stars;  but  this  will  equally  tend  to  show  theii  clustering 
condition,  for  since  the  increase  of  brightness  is  gradnal,  the  space 
containing  the  clustering  stars  must  tend  to  a  spherical  form  if  the 
gradual  increase  of  brightness  is  to  be  explained  by  the  situation  of 
the  stars." 
V.  Of  groups  of  Stars.     Definition. 

497  VL  Of  cluetera  of  Stare.     Definition. 

VII.  Of  Nebults.  Perhaps  they  are  all  to  be  resolved  inlo  the  three 
last-mentioned  species. 

498  Power  of  a  telescope  to  penetrate  not  only  spaoQ  bnt  time  past. 

499  Till.  Of  Stars  witk  Bun  or  Stellar  NebuUe. 
IX.  Of  Milks  NflmloHts. 

Probably  of  two  kinds.  1st,  apparent,  which  is  formed  by  distant 
["widely-extended"]  clustering  stars;  and,  2d,  real,  and  poaaibly 
at  no  very  great  distance  from  us.  The  nebula  of  OrUm  of  this  lat^ 
ter  kind. 

500  X.  Of  Sebaloue  Stars. 

501  ii.  Of  ^imfisry  J^fi»'i<'- 

.Pt^bafs  they  are  allied  topQbulqns.stara. 
XII.  Of  Pkmetars  Ifebulm  i«ilA  CftBtret. 
503    Catalogue. 

Class  I        No.  ai6  to  No.  22S 
II        No.J^.to  Ho.907 

III  No.  748  to  So. -978 

IV  No.    59  to  No.    78 
V        No.    45  to  No.    52 

VI        No.    36  to  No.    42 

VII     No.  56  to  No.  er 

VIII        Ho.    79  to  No.    88 
528    Plates  XVI  and  XVII,  16  figures  of  hypothetical  orbits  of  multiple 

18(KI      93    214     Observations  of  the  Trantit  of  Mercury  over  the  disk  of  the  San;  totchtoh 
is  added  an  investigalioii  of  the  cauees  which  often  prevent  fit  proper 
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aotion  of  Mirrore.     Bf  William  Herschbl,  LL.  D.,  F.  R.  S.    Bead 

February  10,  1803. 
1803      93    214    The  obBervations  were  maae  (1802,  Nov.  D)  with  a  glaan  mirror  of  7 

feet  focas  and  6.3  inches  aperture  under  favorable  condltionB,  and 

215  also  vith  a  10-feet  reflector.  E;fe-piecea  made  of  dark-green  glaaa 
and  others  smoked  on  the  side  next  the  eye  vrere  used. 

216  No  ring  about  the  planet ;  no  distortion  of  the  limbs  of  the  eon  or 

Mereury  at  egress. 

217  Jlfercury  was  perfectly  spherical  in  figure. 

217  Gfnervationg  and  exytrimaiU  relaiing  lo  the  caueee  which  ofltn  affect  mir 

rorif  to  aa  lo  prevent  their  ahoanng  objeeti  diitinetly. 

317  The  experience  of  many  years  will  enable  me  to  assign  the  principa 
oausee  of  diaappointments  in  the  use  of  mirrors. 

3ie  The  following  observations  have  all  tieen  made  with  speoula  of  un- 
doubted goodness,  so  that  every  cause  which  impeded  their  proper 
action  was  extrinsic. 

218  Moutttre  in  the  air.     Damp  air  ia  no  enemy  to  vision. 

219  Fogi. 

220  JfYoit. 

221  Soar-Froit;  Dry-Air. 

222  NartheTn-Lighlt ;   Windy'Weather ;  Fine  in  Appearance. 
923    Over  a  Building;  The  Teleicope  lately  brought  oat. 

324     Confined  Flaoe;  Saiineee  and  Cloud). 

225    FocaUkngth. 

236    In  order  to  see  well  with  telescopes  it  is  required  that  the  tempera- 
tare  of  the  atmosphere  and  mirior  should  be  uniform  and  the  air 
fraught  with  moisture. 
All  the  preceding  observations  are  accounted  for  by  this  piinoiple. 

228  Experlmonts  [on  th«  effects  of  change  of  focal  length  of  a  specnlum.] 
Heat  applied  back  and  front  of  a  glass  speculum  lengthened  the 

230  With  a  metal  mirror  the  focus  became  first  shorter  and  then  length- 

231  In  observing  the  sun  simitar  effects  may  arise. 

232  Perhaps  these  might  he  counteracted  by  an  applicatioD  of  heat  to 

the  back  of  the  mirror  or  by  an  interception  of  it  in  front. 

1803  93  339  Account  of  the  chaaget  that  have  happened  during  the  Uiet  Taenty-Flve 
Tear*  in  the  Belaiive  Situation  of  Double-Stars;  uiiOianinveetigationo/ 
the  Cause  to  which  they  are  otoing.  By  William  Hrrbchbi.,  LL.D., 
F.  B.  S.     Seal  June  9,  1803. 

339  In  Phil.  Trane.,  l')03,  p.  477,  I  have  defined  insulated  stars.    The  dis- 

coveiy  of  \_Ceree  and  Pallael  has  enlarged  our  knowledge  of  Uie 
system  of  irfsulated  stars. 

340  I  have  already  shown  that  two  stars  may  revolve  about  their  common 

centra  of  gravity;  and  that  it  is  probable  there  wonld  be  many 
such  binary  systems  among  all  the  stars  of  the  heavens.  But 
neither  of  these  reasons  is  a  proof  of  the  actual  existence  of  each 
systems.  1  will  here  give  an  account  of  observations  which  will  go 
to  prove  that  many  of  them  are  not  merely  double  in  appearanoe, 
but  ace  real  binary  combinations,  intimately  held  together  by  the 
bond  of  mutual  attraction. 

341  In  Plate  Til,  Fig.  1,  call  the  place  of  the  snn,  O,  of  the  larger  star 

of  a  doable  star,  a,  of  the  smaller,  j.  .    '^r  I, )  I.  V^  I C 
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1B03      93    341    There  aie  three  motions  to  be  considered  of  the  bodies  O,  a,  xi  aino> 
tion  of  one,  of  two,  or  of  all  three. 

341  Single  MotioiM.  If  a  and  O  are  at  rest,  a  motion  of  x  "lay  be  assumed 

so  as  perfectly  to  explain  any  change  of  distance  oi  of  angle  of 
position  of  tho  two  stare. 

342  The  effect  of  a  motion  of  a  or  of  O  explained. 

343  DoHbh  motiona. 

344  Motion*  of  IA«  t\ree  bodiei. 

345  [Observations]  case  of  or  Gtminorum. 

The  distance  has  remained  abont  constant  for  23}-  years. 

345  In  a  reflector  the  apparent  diameter  of  a  star  depends  upon:  the 

aperture  with  respect  to  the  focal  length;  the  distinctness  of  the 
mirror;  the  mi^pdfying  poirer;  the  state  of  the  ^anosphere.  By 
contracting  the  aperture  we  can  increase  the  apparent  diameter; 
want  of  distinctness  does  the  same  thing ;  on  increase  of  magniiy- 
ing  power  increases  the  distance  apart  of  two  stars,  bat  this  in- 
crease is  not  proportional  to  the  increase  of  the  power,  and  sooner 
or  later  comes  to  a  masimam ;  the  state  of  tho  atmosphere  Is  the 
moat  matorial  condition,  as  we  cannot  alter  it. 

346  The  other  three  caiiBpa  si«  at  onr  disposal.     I  took  ten  different  mir- 

rors of  7  feet  focns,  6.3  inches  apertnrc,  magnifying  power  460. 
With  these,  one  after  another,  I  viewed  a  Gemitun-um,  With  esch 
one  the  distance  of  the  components  was  the  same. 

346  When  donble  stars  are  £ist  seen  they  appear  nearer  together  than 

347  I  have  known  it  to  take  np  two  or  three  months  before  the  eye  was 

snf&ciently  acquainted  with  the  object  to  Judge  with  the  requisite 
precision. 

347  The  error  of  this  method  of  estimating  the  distance  of  these  two  stars 

is  not  above  0".34. 

348  The  angle  of  position  of  these  stars  was  in  ITTtI,  32°  47'  north-preced- 

ing; it  is  now  only  1P°  53'.  In  23^ years  it  has  diminished  21°  54'; 
this  change  has  been  regplar  and  gradual. 

348  Aocoracy  of  the  angles  of  position  investigated  by  the  deviation  of 

separate  meosuKS  ftoro  the  mean. 

349  This  micrometer,  then,  wlU  give  the  position  of  a  double  star  true  to 
.        abont  1°  from  2  measures;   in  tho  worst  circnmstaiices  the  error 

will  not  bo  3°.  ■  - 

350  The  cause  of  this  change  most  be  examined.    A  revolving  star  woold 

explain  the  alterationof  the  angle  of  position  with  no  alteration  of 
the  distance.      As  we  have  no  precedent  for,  this  it  will  be  right  to 
examine  whether  the  change  cannot  he  acconnt«d  for  by  the  proper 
motions  of  the  stars,  or  of  the  enn. 
350    SlngU  motions  [examined]. 

355  All  are  inconsistent  with  my  observations. 

356  The  proper  motion  of  the  sun  mnst  be  admitted  in  snch  a  direction 

and  of  snch  a  velocity  as  will  satisfy  tho  mean  direction  and  velocity 

of  the  general  proper  motions  of  the  stars. 
356    Doitble  Motion.  This  bypothesiB  is  not  maintainable. 
SSi    Motion  0/  the  three  Bodies.   This  hypothesis  will  explain  the  obserra- 

tions,  bat  in  so  complex  a  way  as  to  leave  no  donbt  that  we  should 

give  the  preference  [to  the  hypothesis  of  a  revolntion  of  the  stars 

themselves]. 
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1803  93    362    Tablo  of  meaBOtes  of  Ciulor  and  oompaiuoii  of  caloolated  and  obBerved 

363    An  obserration  of  Bbaclkt's  on  Castor  (1759)  quoted. 
365    New  table  of  calcniated  and  obaerced  angles,  Inclndmg  Braslbt's 
oboervatiobs.    The  are  45°  SD*  baa  been  deacribed  in  43  years  142 

3B&  The  regularity  of  the  motiona  gives  ub  reason  to  conclude  that  the 
orbita  of  these  stais  are  ciTcnlar  and  at  right  angles  to  the  line  of 
sight;  if  this  be  nearly  true  the  time  of  a  revolution  will  be  about 
3^  yeais  aud  2  raoDtha. 

366-373    yZeonit.     [This  case  considered  as  before.] 

372    Table  of  obeervations :   the  period  is  about  1,300  years. 

372    eBomi. 

37B    ZB^eratlU. 

380  SSerpentU. 

381  r  Firffiiri*. 

382-3    PlateaTlIandVUI— fignresoforbita. 

1804  94    353    Conliniialtoti  o/'an  Account  nf  tlte  Chatigea  that  liave  happated  in  the 

rtlati-M  axtiMtion  of  dovbh  Stars.    By  William  Herschel,  LL.  D., 

F.  R.  8.    Bead  June  7, 1804. 
353    lu  my  former  paper  (P&if.  Trant.,  1603,  p.  339)  I  gave  the  changes  in 

the  (ritnation  of  tax  double  stara. 
353    I  naed  the  beat  observatiouB  I  had  of  Ibe  position  of  Catttrr,  but  as 

the  proper  motions  of  36  principal  stars  published  in  the  Green- 

'wich  observations  kits  the  motion  of  this  star  different  from  what 

I  used,  it  will  be  neceeaary  to  review  the  arguments  in  the  same 

order  as  la  the  preceding  paper. 
356    [The  former  conolosions  in  regard  to  Caelor  ore  confirmed.] 

359  In  the  further  list  of  50  double  starB  here  given,  S8  have  ondergone 

only  moderate  changes,  less  than  10°. 
Thirteen  have  altered  their  aitaation  above  10°  bat  leas  than  S0° ;  3 
stars  have  changed  more  than  30° ;  the  six  remaining  have  changed 
between  30°  and  130°. 
359-384  [Tbe  various  pairs  conaidered  and  obaervidious  given.] 

360  I  have  no  longer  suppoeed  the  solar  motion  to  be  directed  to  X  Set- 

chIu,  hut  to  a  point  at  no  very  great  distance  ftom  tMs  star. 

1806  95  31  EiperimMtg  /or  oKerlaining  hoie  far  Teleaoopti  mill  mabU  <w  to  deter- 
mine very  small  Angle*,  and  to  dUtbiifitiak  the  redl  fnm  the  epuriatu' 
Diameienof  eetmtialaiid  terreetUil  Otjeeti;  vjiih  an  AppUcatioimf  Oi« 
BeatH  of  Uew  Ssepeiintnts  to  a  Sertei  of  OAserrad'oits  on  the  JTatMn 
afut  Jlfo^ididt  ({f  Mr.  HABDiNa'a  lately  ditcorered  Star.  [Jimo.]  By 
William  Hebschkl,  LL.  D.,  F.  K.  S.     Read  December  6,  1804. 

31  "We  know  that  a  very  thin  line  may  he  perceivtd  and  that  objects 
may  be  seen  when  they  subtend  a  very  small  angle;  but  the  casd  I 
wanted  to  determine  relateato  a  visible  diek,  a  round,  well-defined 
appearance,  which  we  may  without  hesitation  affirm  to  be  oircnlar, 
if  not  spherical." 
[In  1774  HKBacHBL  found  that  a  aquare  area  could  not  be  diatingoiahed 
from  an  equal  circular  one  till  the  diameter  of  tbe  latter  came  to 
subtend  an  angle  of  2'  17".] 

33    lat  Experiment,  with  the  Heads  of  Pim. 
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1805  95  33  Tbese  objeota  were  observed  at  a  distance  of  2407.85  iDCbea  from  tfao 
mirror  of  a  ten-feet  reflecting  telescope.  It  was  foaud  that  in  the 
telescope  a  bodj  subtending  the'magniQed  angle  of  2'  19"  conld 
easily  bo  recognized  as  round. 
2d  Experiment,  urifA  stnall  Globulti  of  Seating-wax. 
34  It  appeared  that  with  a  eabstance  not  reflecting  mncb  light  the  mag- 
nified angle  must  be  between  4  and  5  minutes  beforo  we  con  see  it 

^    3d  Experiment,  with  GhbuU»  of  Silver. 

36-57    4th  Experiment,  with  GlobuUi  of  Pitch,  Beee-tcax,  and  Brimtlone. 

38-39    5th  Experiment,  mA  Objeeti  at  a  greater  Dietance. 

40    6th  Experiment,  with  UtaminaUd  GtobaUs. 

40  Spurious  Diambtbbs  of  Celestial  Objects. 
Obgervatioru  and  £cpmmenfR,  with  Bemarka. 

41  With  stars,  the  spurious  diameters  are  larger  than  the  real  enes,  which 

are  too  small  to  be  seen. 
'  The  apniioos  diameters  of  stars  are  of  differcut  sizes,  and  under  the 

same  circumstauces  their  dimensions  are  of  a  permanent  nature. 

The  spnrioas  diametere  of  the  stars  are  difiercntly  coloured. 
43    Their  spurious  diameters  are  lessened  by  iocreaeing  the  magnifjing 
power,  but  in  a  much  less  ratio. 

Magnifying  power  acta  less  on  the  large  diameters  and  more  on  the 
small  ones.  When  the  aperture  of  the  toleecope  is  lessened,  it  will 
occasion  an  increase  of  the  spurious  diameters ;  but  this  increase  ia 
not  proportional  to  the  diameters  ofthe  stars,  acting  more  upon  the 

43  small  spurious  diameters  and  less  npon  the  large  ones.    Very  small 
stars,  however,  lose  their  spurious  diameters,  and  become  nebu- 

The  spurious  diameter  of  a  star  is  reduced  by  haziness  of  the  atmos- 
phere. At  a  low  altitude  a  star  makes  a  spectrum,  being  coloured 
by  the  prismatic  power  ofthe  atmosphere. 

44  SPURIODS  DIAMETEHa   OP  TBRBEBTRI4L  OBJECTS,   WITH  SIMILAR  BE- 

MASKS. 
Tth  Experiment  icith  Silver  G!obulee. 

45  8th  Experiment. 

The  luminous  spots  or  spurione  disks  of  the  globules  were  of  unequal 

diameters. 
9th  Experiment.     lOth  Experiment. 

46  11th  Experiment.  12th  Experiment. 
'47  13th  Experiment.  l4th  Experiment. 
'46-49  15th  Experiment,  with  Drope  of  Qaicksilvar. 

'50    [These  experiments,  from  the  Tth  to  the  15th,  inclusive,  prove  that  all 
the  remarks  made  concerning  the  spurions  disks  of  stars  are  a1a» 
applicable  to  snfficientiy  small  and  bright  terrestrial  objects.] 
16th  Experiment,  with  black  and  white  Circlti. 
5L    17th  Experiment,  with  different  Illumination. 
18th  Experiment,  Meaaurta  o/ epurioua  I>igia. 

With  drops  of  quicksilver,  the  spurious  disks  were  measured  by  means 
of  distant  disks  of  known  diameters  upon  which  they  were  pnijeoted. 
By  covering  the  mirror  with  screens  of  different  apertnres,  and  also 
52  by  stopping  out  its  center  by  circular  screens  of  different  size,  it 
was  found  that  the  sizes  ofthe  spurious  disks  were  not  determined 
by  theqnantity  of  light  reflected  fWim  the  mirror,  but  rather  by  the 
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1805  93  53  part  of  the  mirror  osed.  Thus  the  inside  ra^s  of  a  mirror  increase 
ttie  diameter  of  these  disks,  'whereas  the  oatside  ia7a  alone  have  a 
greater  effect  in  reducing  it  than  they  do  when  the  inside  rays  are 
left  to  Join  with  them.  This  affords  8<  criterion  as  to  whether  a  disk 
is  real  or  spnrions. 
'  .    l9tbErpeilmeut  Trial  o/Ettimatb>ns. 

SOth  Esperiment.  Vie  of  the  Criterion. 
5i    31st  Experiment,  ifeasurea  of  Ike  comparative  Amount  of  the  epurioat  Di- 
ameters produced  iy  the  Inside  and  Outeide  Baya. 
22d  Esperiment,  JYial  of  the  Criterion  on  oetetlial  Objects. 
65'  22d  Experiment.    [Another  trial.] 

55-61  Observations  on  the  natctre  akdmagxituvb  of  Mr.  Hakdiso's 
lately-discovered  stab. 

61  KESULTS'AND  APPLICATION  OF  THE  BXPERIMENTa  AND  OBSEBVATIOKS. 

62  There  is  a  limit  to  the  siie  of  olijeots  [i  second  in  Eebscbel's  10-fbot 

telescope]  above  which  a  mere  increase  in  magnifying  power  will 
betraj'  the  real  disk.  By  the  criterion  of  the  oatside  and  inside  rsys, 
an  ol^ect  of  half  this  angular  diameter  may  be  shown  to  have  real 
dimensions,  bnt  below  this  value  the  telescope  cannot  di^tingnish 
between  a  real-  and  sparions  diameter. 
63-64  Bemarks  on  the  class  of  celestial  bodies  to  which  the  new  star  be- 
longs, and  a  Jastificatioo  of  the  term  abtbroid  as  applied  to  them. 
[Dated]  Sloogh,  near  Windsor,  December  1,  1304. 

.  1805    95      233     On  fb  direction  and  velocity  of  th«  Motion  of  the  San,  and  Solar  Sj/atem. 
By  Whliam  Herschkl,  LL'.  D.,  F.  H.  S.    Read  May  16, 1805. 

233  Dr.  Maskelynb's  Table  of  the  proper  motions  of  36  stars  proves  the 

motions  of  the  stars  cf  the  first  brightness,  such  as  are  probably  in 
out  immediate  neighborhood.  The  changes  in  position  of  minate 
stars  that  I  have  ascertained  prove  that  motions  are  equally  carried 
on  in  the  remotest  parts  of  space. 

533  In  17B3 1  deduced  from  the  proper  motions  of  stars,  with  a  high  de- 

gree of  probability,  a  motion  of  the  sun  and  solar  system  towards 
A.  Herculie. 

234  The  presenli  paper  will  treat  [only]  of  the  direction  of  the  solar 

motion. 

534  Beasonafor  admitting  a  tutor  motion. 

It  may  appear  singular  that  I  should  again  think  it  necessary  t«  give 
reasons  for  this.  The  canse  is  that  [in  1783  I  proposed  to]  take 
away  the  virions  proper  motions  of  stars  by  investing  the  snn  with 
a  contrary  one.  Now,  however,  [I  find  that]  the  solar  motion  will 
reveal  so  many  concealed  real  motions  that  we  shall  have  mora  of 
them  than  wonld  be  necessary  were  the  snn  at  rest.  Hence  the  ne- 
cessity for  admitting  the  solar  motion  onght  to  be  well  established. 

235  TheoreHoal  coneiderationa, 

335  A  view  of  the  motions  of  moons  aronnd  planets,  and  these  ag^n 
ronnd  the  snn,  may  suggest  the  motion  of  the  latl«r  round  sode 
unknown  centre.  The  solar  motion  was  suggested  by  Lambbbt; 
Dr.  Wii£ON  has  shown  its  possibility  from  theoretical  prinriples, 
'  and  Be  la  Lande  its  probabili,ty.     The  rotation  of  the  sun  indi- 

cates a  motion  of  translation;  the  cause  of  both  is  Unknown. 

S36  The  periodical  stars  shoDld  be  examined  with  this  idea.  Conversely 
stars  that  have  a  motion  iu  space  may  be  surmised  to  hare  also  a 
rotation  on  thuir  axes.  i  _.       . . , '^■OtVJlC 
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leOj      'J5    336    Ssmptonu  of  parallaotic  Motioiu. 

Three  sorts  of  motions  oiplained  by  Fig.  1,  Plate  VII. 
337    The  parallactic,  the  real,  and  the  apparent  motions. 
238    Since  a  motion  of  the  sun  will  occasion  parallactic  motions  of  the 
fituTB,  these  again  must  indicate  a  solar  motion.     To  ascertain 
whether  paralloctio  motions  exist  we  mast  choose  the  brightest 
stars  which  are  most  affected  hy  solar  motion,  they  being  probably 
the  nearest  to  the  sun. 
S39    We  distingnish  parallactic  from  real  motions  by  the  direction  of 
the  motion.    If  a  solar  motion  exists  all  parallaotic  motions  will  be 
opposite  to  it;  real  motions  will  lie  dispersed  indiscriminately  to 
all  parts  of  space. 

539  The  point  towards  which  the  snn  moves  is  the  apex  of  sohir  motion ; 

the  opposite  point  is  the  parallaotio  centre. 

540  Table  I.  Ten  positions  of  the  solar  apex  from  first  piagnitude  stars. 
341    Fifteen  positions  from  fainter  stars  stated. 

34S    Changet  in  '.he  posUiou  of  doubJt  Stan.     Among  the  bB  stars  which  I 

have  given,  the  changes  of  more  than  half  appear  to  be  [due  to  a 

solar  motion]. 
Si43    IneoTigmils  ((f  proper  Motions. 
243    Sidereal  occultatio»  nf  i  mtoEl  Star. 

As  far  as  we  con  Judge  at  present  the  vanishing  of  the  small  star  near 

S  Cygni  is  only  a  parallactic  disappearance.    A  teal  motion  wonld 

also  explain  it. 
an    Direction  of  the  Solar  Motion. 
248    When  we  are  in  search  of  an  apex  for  the  solar  motion^  it  ought  to  be 

so  fixed  as  to  be  equally  favorable  U>  every  star.     ■    ■    •    Our  aim 

ahonld  he  to  reduce  the  proper  motions  of  the  stars  to  their  lowest 

quantities. 
949    Table  II  of  tbe  direction  and  quantity  of  the  apparent  motion  of  six 

store,  suppowng  the  snn  to  move  towards  X  Meroulit, 
SSI    Table  III  of  the  angles  of  the  parallactic  motion  with  the  parallel ; 

and  Table  IV,  angles  of  the  apparent  with  the  parallaotic  motion. 

253  Table  V.     Quantities  and  snm  of  the  least  real  Motions. 

353    Assnmiujf  the  apex  of  solaT  motion  to  be  in  R.  A.  270°  15',  N.  P.  D. 
54°.45',  Table  VI  i8  computed:  it  is  similar  to  Tables  III,  IV,  V. 

254  Assnmins  the  apes  R.  A.  243°  32'  30",  N.  P.  D.  4V  32',  Table  VII 

[like  Table  VI]  is  calculated. 
356    Although  the  great  proper  motions  of  Arcturue,  Proegon,  and  Siriue 
are  stj:ong  indications  of  their  being  affected  by  parallax,  it  is  not  pro. 
bahle  that  their  apparent  changes  are  entirely  due  to  solar  motion. 

255  Observation  shows  that  proper  motions  do  exist :  wo  shonld  choose 

that  apex  which  will  take  away  more  real  motion  than  any  other, 
or  we  shonld  put  the  apex  in  R.  A.  245°  53'  30",  N.  P.  D.  40°  88'. 

IS05     95    272    OhsenaHont  on  the  tingaUr  IlgnTe  of  the  planet  Satwn.    By  William 
Herschel,  LL.  D.,  F.  R.  8.    Read  June  30, 1805. 
373    [Brief  acoonnt  of  thepartiDularitiesof  the  system  of  iSahini.] 
373    There  is  a  singularity  left  which  distingnishes  the  flgnre  of  Saturn    . 

from  that  of  all  the  other  planets.  In  1776  I  perceived  that  the 
873  body  of  Satitr»  was  not  ronnd.  In  1781 1  fbund  it  was  flattened  at 
the  poles  more  than  Jupiter.  In  1789  I  measured  the  polar  and 
eqoatorial  diameters,  and  pieposBessed  with  the  idea  of  its  being 
spheroidical  I  [paid  no  atteotioo  to  other  diameten].  IQIc 
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1803  95  273  Obeervfttioiis  on  Soi«r» .-  [from  1305,  April  12,  to  June  2]  1905,  April 
13.    The  ring  is  brighter  than  the  body,  and  whiter, 

274  AprU  18.    The  figiiTeof^turnUdiffeieatfkimtheapheroidioal  figure 

of  Jupiter.  The  4  points  of  greateat  cnirature  are  in  latitude  46° 
38'. 

275  The  bIuuIoit  of  tlie  ring  ou  the  body  i»  brooder  at  the  enile  than  in  the 

middle. 
ST5    April  Id.    The  figure  of  Saturn  in  like  a  paraUelogTam  with  tho  four 
comers   rounded  off  deeply.    The  latitude  of  the  four  points  of 
greatest  curvature  is  45"  44'. 5, 
376-277    May  5-11].     Saturn  and  Japiter  were  viewed  alternately  [and  the 
preceding  remarks  confirmed]. 

279  The  real  Saturn  compared  with  the  flgare  in  PhU.  Trans.,  1790,  p.  17. 

The  two  did  not  agree.  I  then  modified  the  latter  and  made  them 
agree.     An  exact  cop;  ia  given  in  Piute  IX. 

280  DimenaiouB  of  the  parts  given. 

1806  96  205  On  t^  Quantify  and  Vtlociij/  of  Ike  Solar  Motion.  By  Wiluam  Her- 
SCHEL,  LL.  D.,  F.  R.  8.     Bead  February  27,  1806, 

205  The  direction  of  tbe  solar  motion  woa  ascertained  iB  a  former  paper: 
the  Telocity  is  now  in  question. 

205  The  proper  motions,  redaoed  to  one  direction,  have  been  called  quan- 
tities, to  distinguish  them  from  the  velocities  of  tbe  moving  stars, 
required  to  produce  those  motions.  The  same  distinction  must  be 
kept  with  respect  to  the  velocity  of  the  solar  motion. 

205  At  a  given  distance,  when  the  qnantity  of  the  solar  motion  is  known, 

its  velocity  Is  known,  and  every  approximation  towards  a  knowl- 
edge of  tho  distance  of  a  star  of  the  first  magnitude  will  he  one 
toward  a  knowledge  of  the  real  solar  velocity.  It  is  otherwise  with 
a  star,  for  the  angle  of  the  direction  of  its  motion  with  the  visual 
rfty  is  unknown. 

206  I  shall  use  the  former  sis  stars  Iti  the  present  paper. 
306    ProportUinal  dUtajKt  0/ the  Stan. 

207  I  propose  the  following  arrangement:  Table  VIQ,  proportional  Di>- 

tanee*  of  Start ;  Sirius,  liOU;  Jrctunu,  1.20;  CaptUa,i.%;  Lyra,  1.30; 
AlMtaran  and  Procyon,  1.40. 

208  I  have  tried  al!  tho  known  and  many  new  ways  of  measuring  the  com- 

parative light  of  tho  stars,  and  no  one  gives  a  satisfaotory  result. 
When  we  have  more  anthentic  data,  the  calculation  raay  be  re- 
peated'. 

208  Effect  of  tht  increase  and  decrease  of  tho  Solar  Motion  and  Condition*  to 
'    he  obterved  in  tlie  Ineeeligation  of  its  Quanlilg. 

209  Table  TX.  In  G  column.i:    Stars;  Apparent  motion;   Solar  motion; 

Parallactic  motion;  Real  motion;  Velocities. 

210  It  is  not  the  motions  but  tbe  velocities  which  must  be  eqoalized. 
911    It  is  aasnmed  that  their  real  motions  are  at  right  angles  to  the  visual 

ray.     [The  ohjection  to  this  considered.] 

213  CalculalioHifor  draainfj  Figarea  thil  leill  repromt  the  obeemed  molUma 

of  the  Stars. 
These  are  of  two  classes;  tbe  first  will  remain  unaltered  wbataoever 
the  solar  motion ;  tho  second  must  be  adjusted  to  every  change 
[of  solar  motion]. 

214  We  must  asaumu  relativo  distancoi  for  ;  he  rC'^t  of  our  stars. 
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1806  96  215  Tablo  X  contains  the  result  of  calculation  of  tbo  pcrmaaeut  quanti- 
ties. It  Los  six  columns :  (1)  gives  the  star's  uamo ;  (,2)  its  pro- 
portional distance ;  (3)  apparent  motdou ;  (4)  Direction  with  the 
parallel ;  (5)  Direction  with  tlie  parallactic  motion ;  (6)  Telocity. 
[There  are  36  Btara.] 
216    Plato  rv,  Fig.  1  and  Tig.  3,  exhibits  colnnms  3,  i,  and  5  graphically. 

Fig,  2  and  Fig.  4  give  the  veloeitieB. 
21T  ilemarii  im  (fie  Cereal  Molloia  at  fhcy  Ore  repreaeniedfron  01i»ervation. 
Fig.  1  (rrom  observation)  shows  that  thoro  mnst  he  some  physical 
canae  which  gives  a  bias  to  the  directions  in  which  the  stars  ore 
moving.    Disonasion  of  Figs.  2,  3,  4. 
319    The  Solar  Motion  and  Ua  direetion  ami^ned  in  the  fittt  pari  of  this  paptr 
are  eOiiJinned  by  tile  Phenomena  attending  Hieob$erveitiiotioneo/36«tar». 
521     Trial  of  the  method  lo  obtain  t^  Quantiti/  of  the  Solar  Motion  by  it»  Eank 
anumg  the  aidereal  Velodtiee. 
J  232     Calcalationa  for  invent  igating  the  Conieqaeacea  arieing  from  any  proposed 

Quantity  of  Solar  Motion  aiid  for  delineating  them  by  proper  Figare*. 
S23    Table  XI  contains  5  colamns:  (1)  name  of  star,  including  the  sun ; 
(2)  Parallactic  Motion;  (3)  Hoal  Motion;  (4)  Parallactic  Angle; 
(5)  Velocity. 
224    Figs.  5  and  G  illnstrate  Tahle  XI. 

224  Bemarlts  that  lead  to  a  neeetsary  examination  of  the  Cauie  of  the  sidereal 

Motions. 
235    A  motion  of  the  stars  may  arise  from  mutual  gravitation  or  from  an 
original  projectile  force.    Both  these  canses  act  in  the  solar  system. 

225  The  similar  direction  of  the  motion  of  a  group  of  stars  may  lie  as- 

cribed to  tUoir  similar  projectile  motions. 

237  Coniideratiene  of  the  attractive  Power  required  for  a  lufflcieni  Velocity  of 

the  sidereal  Motions. 
The  mere  attraction'of  neighboring  stars  acting  upon  each  other 
cannot  he  the  cause  of  proper  motions.     Sirius  and  the  Sun  from 
that  canse  would  approach  yearly  by  less  than  l3",0000000(W  to  an 
eye  at  the  (Uetanoe  of  Sirias  and  supposing  its  parallax  1". 

238  A  centre  of  attraction  must' then  be  asaumed,  and  original  projectile 

239  motionB  must'  be  supposed. 

229  The  centre  of  attraction  may  l3e  one  mass  or  a  group. 

230  Or  it  may  be  a  imiou  of  gronps;  lite  two  cIuBtera  12°  apart  which 

are  near  the  line  of  the  sola^  motion. 

231  The  Milky  Way  wiQ  furnish  centres  of  attraction. 

231  Independent  of  the  solar  motion,  the  action  of  distant  centres  of 
attraction  will  be  required  to  explain  the  proper  motions  of  stars. 
If  the  San  be  at  rest  Aroturtis  moves  2"  a  year;  and  this  must  be 
due  to  a  projectile  motion  and  the  attraction  of  for  distant  centers. 

S33  DeterminaUon  of  the  Quantity  of  the  Solar  MoOen.  The  rank  assigned 
to  the  solar  motion  is  a  perfect  medium  among  the  [36]  sidereal 
Yelocities  [which  have  been  considered.] 

S33  The  quantity  of  the  solar  motion  is  such  that  to  an  eye  placed  at  right 
angles  to  its  direction,  and  at  the  distance  iVom  Sirius,  it  would  bo 
annually  1".116D92. 

234    (deluding  Bemarke  and  Inferences.     [Objections  considered.] 

234  When  a  general  knowledge  of  the  proper  motions  of  all  the  stars  of 
the  1st,  2d,  and  3d  magnitudes  has  been  obtained,  the  present  cal- 
culation can  be  repeated  by  the  same  methods.        ,  , 
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L80G  d"i  20  Tbe  resalt  of  calculations  founded  on  facts,  such  as  we  must  admit 
tlie  proper  motions  of  tbe  st-ats  to  be,  should  give  us  useful  infor- 
mation, to  satisfy  the  inquisitive  mind  or  to  lead  os  on  to  Dew  dis- 
coveries. The  eetablisbmeDt  of  the  solar  motion  answers  both 
these  ends.  Onr  inqnities  should  not  terminate  here.  A  paper  on 
general  Gravitation  [by  Dr.  Wilson]  with  what  is  said  here,  put* 
ns  withiu  reach  of  a  link  of  the  chain  which  connects  the  princi- 
ples of  the  solar  and  sidereal  motions  with  those  which  are  the> 
canse  of  so  many  orbltuol  ones. 
236  What  has  been  said  before  of  the  Bnn  as  an  insulated  star  does  not 
contradict  the  present  idea  of  its  making  one  of  a  very  extensivo- 

337  The  insulation  refers  merely  to  a  supposed  binary  combination  wittk 
some  neighboring  star. 

1806  96  4Wi  Obeervaiioiia  and  Memarks  on  tlie  Figure,  the  Climate,  and  the  Atmosphere 
of  Satv.ra  and  its  Eing.  By  William  Hbrschel,  LL.  D.,  P.  E,  S,  " 
Read  June  38,  1806. 

455-457  [Account  of  Herschkl's  observations  on  the  figure  of  the  ball.]; 
Plate  XXI,  Fig.  1,  represents  Saturn  in  1780,  and  Fig.  2,  in  ISa'i. 
May  5. 

458  To  discover  the  flattening  of  tho  figure  of  the  ball  a  high  magni- 
fying power  (500)  was  necessary.  A  lower  power  will  afterwards 
show  it.  No  error  could  arise  from  tbe  defalcation  of  light  May  6, 
1805. 

459-464     Observations  of  the  figure  of  Satam. 

462  The  flattening  at  the  poles  of  Salum  israoreexteusive  thanoncTnjrifM-. 

The  curvature  in  high  latitudes  is  also  greater.  At  the  equator  it 
is  rather  leas.  Upon  the  whole  the  shape  of  the  globcof  Saturn  is 
not  such  08  a  rotatory  motion  alone  could  Imve  given  it. 

463  1306,  June  3.     The  shadow  of  the  ring  on  the  ball  is  broader  at  the 

ends  than  in  the  middle. 

463  The  breadth  of  the  ring  is  to  the  space  between  the  ring  and  the  hall 

as  about  5  to  4.     The  ring  appears  to  be  sloping  towards  the  hall. 
4G3    The  shadow  of  the  ball  on  the  ring  is  not  parallel  with  the  outline  of 

464  Obeemations  on  the  periodioal  ehangee  of  color  of  the  polar  regient  of' 
Satarn.     In  the  observations  of  Mars  {Phil.  Trant.,  1784,  p.  260)  it 

has  been  shown  that  a  periodical  ohange  takes  place  in  the  extent 
and  brightness  of  the  polar  spots.     I  have  suggested  that  this  may 
be  due  [to  frozen  regions  at  the  poles,  varying  in  size  as  they  are 
more  or  less  esposed  to  the  Snn.] 
Tlie  fallowing  observations  may  lead  to  similar  conclusions  with  re- 
spect to  Saturn, 
466    The  gradual  change  of  color  of  the  polar  region  during  a  Satnmian 
year  seems  to  be  in  a  great  measure  ascertained.    This  can  only  be- 
confiimed  by  a  long  series  of  observations. 
466    On  tbe  atmosphere  of  Saturn. 

From  observations  we  may  infer  the  existence  of  a  Satnruian  atmoS' 
phere. 
4CT    A  probability  that  the  ring  of  Saturn  has  an  atmosphere  has  been, 
pointed  out  in  a  former  paper. 
[Dated]  Slough  near  Windsor,  June  12,  1806. 
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leOJ      97     180    Experimer-ii  for  invrntigaling  the  Cause  of  tlie  ooloured  concentria  ffinjff,  - 
digcovered  bij  Sir  Isaac  Newtos,  between  two  Object-gltutei  laid  upon 
one  another.    By  'William  Hekschel,  LL  D.,  F.  E.  S.    Bead  Feb- 
ruory  5, 1807. 
lBO-181    Introduction. 

182-185    I.   Of  different  methods  to  male  one  eel  of  concentric  ring*  vitilile. 
1S&-1S6    II.  Of  leeing  Rings  by  Tranamiasioa. 

187-188    III.  Of  Sha^mM.     When  two  or  more  sets  of  rings  are  to  be  es-- 
mniiied  they  ma;  be  distinguislied  by  casting  thoahadow  of  a  pointed 
penknife  upon  one  aet  or  another. 
198-193    IV,   Of  two  seta  of  Bings. 
193-194    V.  Of  three  sets  of  Sings. 
195    YI.  Of  founeta  of  Bings. 
195-196    YIL   Of  the  Mie  of  the  Binga. 
i9B    Till.   Of  Contact. 
197    IX.  Of  Me'aaaring  Binga. 
197-198    Z.  Of  the  Number  of  Bings. 

198-199    XI.  Of  the  Effict  of  Fresaare  on  the  Colour  of  the  Binga. 
199-200    XIL  Of  dilating  and  concentrating  the  Colour).    When  the  rings 
grow  wider  by  using  a  lens  of  larger  radius,  thoy  are  eaid  to  be  di- 
luted. 
201    XUI.  Of  the  order  of  the  CoU>ara. 

aOl-202    XrV.  O/  the  alternate  Colour  and  Siie  of  the  Bings  behagiag  to  the 

primary  and  dependent  Sets.    Certain  of  thedependeut  seta  are  rings 

by  transmission  as  seen  reflected  at  the  bock  surface  of  the  lower 

plate. 

209-203    SV.  Of  the  sudden  Change  of  the  Size  and  Colour  of  the  Bings  in 

different  Seta.    This  is  brought  about  b;  letting  the  shadow  oi 

the  knife-blade  fall  on  one  or  the  other  set. 

204-206    XVI.  Of  the  course  of  the  Rays  by  ickich  different  Sets  of  Bings  ar» 

206-207  XVII.  Why  two  connected  Sets  of  Rings  are  of  alUmaie  Colours. 

207-20B  XVIII.  Of  the  Caute  <^f  t}t»  sudden  Change  of  Oe  CoUmrs. 

203^09  XIX.  Of  the  Place  where  the  different  SeU  of  Bings  are  to  be  seen. 

20£H210  XX.  Of  the  Conneotionbetuieen  different 8els  of  Binga, 

211-212  XXI,  To  owount  for  the  Appearance  of  several  Sets  of  Bings  ivith  tS* 

same  ooloured  Centers. 

212^13  XXII.  Of  the  reflecting  Surf aoe^ 

213^14  XXIII.   Of  the  transmitting  Surfaces. 

■  214-218  XXIV.  Of  the  Action  of  the  first  Surface. 

218-221  XXV.  Of  the  Action  of  the  second  Surface. 

321-222  XXVI.  Of  the  Action  of  the  third  Surfaee. 

222  XXVII.  The  Colour  of  the  reflecting  and  transmitting  Surfaces  is  of 

no  amteqaence. 

2SS-235  Xmil.  Of  the  Aolion  of  the  fourth  Surface. 

225  XXIX.  Conaideratione  that  relate  to  the  Cause  of  the  formation  of  eon~  ■ 

226  XXX.  Concentric  Bings  oannoC  be  formed  by  an  alterTiate  Beftection 
and  Transmission  of  the  Bays  of  Light. 

"One  of  the  most  simple  methods  of  obtaining  a  set  of  concentrio 
lings  is  to  lay  a  convex  lens  on  a  plain  metalline  minoi;  but  in  this 
case  we  can  have  no  transmission  of  rays,  and  therefore  we  cannot 
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have  an  alternate  reflection  and  tTansmission  of  them.    If  to  get 
over  tbie  objection  it  ehoald  be  said  that,  in.^tead  of  transmiasioa, 
ire  ought  to  anbatitate  abeoTgttioD ;  bIdcc  tboae  which  in  glasa  woald 
bavo  been  traDSinittod  will  ba  abaorbed  by  tbe  metal,  we  may  ad- 
mit the  olueion;  it  ought,  Loirovcr,  to  bavo  been  made  apart  of  the 
hypothesia." 
1837     97     32&-228    XXXI.  Alternate  Fits  of  ea»y  EeJUdUm  and  ea»j  TranmtiKion,  if 
thB3  exUt,  do  vol  exert  Ihenmlveg  according  to  tarioiu  Thielcnt»iet 
of  thin  Flatet  of  Air.    One  end  of  a  plain  strip  of  glass  rested 
npon  a  plain  metalline  mirror,  the  other  end  being  separated 
fiOTa  the  mirror  by  a  thin  piece  of  paper.    A  lena  resting  npon 
the  strip  of  glaea  gave  the  primary  sat  of  rings,  and  the  sec- 
ondary aet  by  tronamission  was  seen  reflected  In  the  metalline 
mirror.    The  rays  which  convey  the  secondary  set  of  rings  to 
the  eye  must  have  paasad  through  the  thin  wedge  of  air ;  bat 
they  exhibited  no  modification,  hence  the  conclusion. 
228^229    XZXII.  Alternate  fiti  of  cai^  liejleetion  and  easy  Transmitiion,  if 
they  exiet,  do  not  exert  themtehes  aeeording  to  varioaa  Tliiclaieme* 
nf  thin  Plates  of  Glass.     .\n  experiment  similar  to  the  preceding, 
bnt  naing  a  slip  of  glass  with  aides  not  quite  parallel. 
230-S32    XXXIII.  Coloured  Eings  nay  he  completely  formed  vnlhOMt  the  At- 
sistanee  of  any  Ibin  or  thick  Plates,  cither  <ff  Glass  or  of  Air. 
A  perforated  screen,  at  the  center  of  Gnrvntnre  of  a  metal  mixTor, 
transmitted  a  beam  of  annlight  to  the  mirror.     When  boir-powder 
was  strewn  in  the  beam  of  light,  colonred  concentric  circles  were 
seen  abont  the  hole  in  the  screen. 
333-233    XXXIV.  Conclusion.    Tbe  oxperiraentsoftLo  last  three  artiolee  are 
regarded  as  proofs  that  tbe  theory  .of  Sir  Isaac  Newtok  is  nntenable. 

1907    07    360    Observations  o»  the  yature  of  Ote  new  eeleslial  Body  discorered  by  Dr.  Ol- 
BERS,  and  of  the  Comet  wihidk  uhu  expected  to  appear  laslJamiary  in  il« 
retam  from  the  sun.     [This  was  comet,  1606,11.]    B;  William  Her- 
schel, LL.  D.,  F.  R.  8.    Bead  Jnne  4, 1807. 
360    As  eoon  as  1  knew  of  tbe  discovery  of  [  Vesta]  I  tried  to  discover  its 


2K    Observations  of  Festa. 

363    No  disc  has  been  seen  even  with  a  power  of  636. 

264  ObtervaHona  oftte  expected  contet.    It  was  searched  for  and  fonnd  near 

the  expect«d  place  by  my  Sister  CarOuka,  Jan.  37. 

265  Oat  of  16  comets  which  I  have  examined  14  have  been  without  any 

visible  solid  body  in  their  centre,  and  two  had  a  very  ill.deflned 
small  central  light  which  might  perhaps  he  called  a  nnclens,  bat 
which  did  not  deserve  the  name  of  a  disli. 
3GG  Plate  XVI.  ConQgnratlons  of  Vesta  and  stars. 
08  145  Obsemations  of  a  Comet  made  with  a  vieic  to  inrestigale  its  JUagnitude  and 
the  Katureof  its  JUamination.  [This  was  comet,  1807, 1.]  Totchich 
is  added  an  Aeconni  of  a  note  Irregularity  lately  perceired  (n  the  ap- 
parent Figure  of  (fte  Planet  Saturn.  By  William  Herschel,  LL.  D., 
F.  B.  8.    Read  April  7,  1808. 

145  My  observations  have  been  directed  to  its  pbyaical  condition  only. 

146  Of  the  Xacleus.  By  the  nucleus,  I  mean  that  part  of  the  head  which 

appeaiB  to  be  a  condensed  or  aolid  body,  and  in  which  none  of  tbe 
Tory  bright  coma  is  included.  It  followa  from  this  definition  that 
when  the  nnclens  is  very  small  a  largo  telescope  is  required  to  show  it. 
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IBOe     98    147    ObaenatUmi.    (By  tli»  method  described  in  PMl.  Trant.,  1805,  p.  53.) 
Tbe  visible  disk  of  the  comet  is  a  real  one. 

147  lUnniiBationof  the  Nualeaa.    The  aaclena  isronnd  and  of  equal  brigbt- 

nesB  all  over  its  disk.     Its  color  is  a  little  tinged  with  red. 

148  Magnitude  of  the  Nuoleta.    It  appears  larger  at  first  sight  than  after 

looking  a  long  while. 
148  I  put  a  nQmbeT  of  globules  of  aealing  wax  at  a  known  distance  and 
viewed  them  during  the  day,  and  remembered  their  [apparent] 
magnitudes.  The  oooleaa  was  compared  with  these  and  mnst  have 
been  larger  than  2". 47  and  less  than  2".77,  It  was  lees  than  the  disk 
of  Jupiter's  satellite  III. 

150  0/  the  head  of  the  Comet.     [Definition  of  the  head.] 

151  Of  the  Coma  of  the  Comet.     [Definition  of  the  coraa.] 

151  Of  the  tail  of  the  Comet. 

One  side  of  tbe  tail  ia  verf  well  defined ;  tbe  other,  h&zj. 

152  0/  IA«  Deniitff  of  th«  Coma  and  Tail  of  the  Conwt. 

I  took  notice  of  many  small  stars  covered  by  the  Coma  and  tidl. 
[The  observations  show  that  the  interpoidtion  of  the  coma  or  tail 
between  a  faint  star  and  the  eye,  dimmed  the  star.  ] 

153  Ifebuloue  appearance  of  the  Comet. 

154  Eetvlt  of  the  foregoing  Obeemation* :  ' 
156    The  real  diameter  of  the  nnclens  was  538  mites. 

156  I  computed  tbe  phases  of  the  comet  {see  Fig^l  and  Fig.  2,  Plate  IV, 

p.  162)  for  two  dates.  Both  phases  appear  to  me  sufficiently  defal- 
cated to  prove  that  the  comet  did  not  shine  by  reflected  son-light 
only. 

157  If  these  remarks  aie  well  fonnded,  we  are  anthorized  to  conclude 

that  tbe  body  of  the  comet  on  its  surface  is  self-luminons.  Its 
light  is  more  like  starlight  Chan  moonlight. 
157  The  tail  and  coma  are  snfQciently  dense  to  obstroct  the  iree  passage  of 
starlight;  they  shine,  not  by  reflection  hut  hy  their  own  radiance- 
ISO  If  I  had  met  the  comet  in  one  of  my  sweeps  as  it  appeared  between 
Dec.  6  and  Feb.  21 1  should  have  put  it  down  as  a  nebula.  Per- 
haps my  lists  of  nebnhe,  then,  contain  some  comets. 

159  Aooount  of  a  new  inegularitg  lately  perceimt  in  the  apparent  Figure  of 

the  planet  Saturn, 

160  I  have  ascribed  the  flattening  of  the  polar  regions  to  the  attraction 

of  the  ring.  In  pursuing  my  obaervatloua  I  perceived  a  new  irregu- 
larity in  the  figure  [of  the  ball]  which  I  am  perfectly  sure  had  no 
existence  the  last  time  I  examined  the  planet. 

160  Obaenationt  [of  the  flattening  in  high  latitudes]  1807,  June  16,  I  per- 

ceived it ;  it  wBsindepandently  diawuby  myson,  JOHITHB&aCHBL. 

161  Dr.  Wilson,  late  of  Glasgow,  sent  me  a  drawing  containing  the 

same  features  made  with  one  of  my  7-foot  reflectors  at  Hampstead. 

162  Explanation  of  the  "illusion"  by  re&aotlon  of  the  light  &om  tbe 

body  of  Saturn  in  the  atmosphere  of  the  ring. 

163  The  ring  has  an  atmosphere  (see  FML  li-ane.,  1790,  p.  7). 

1S09  99  259  Continuation  of  Experimenti  for  inteetigating  the  Cauie  of  eolotired  ooa- 
centricEings,andotherA;^iearanceiofa  limilar  yatvre.  By  WiLLUU 
Ebrschbl,  LL.  B.,  F.  B.  B.     Bead  March  23,  1809. 

9S9-260    XXXV.  Cylindrical  Curvet  produce  Streake. 

261    XXXVI.  CglindHeal  and  tpherloal  Surfacee  oomJnned  produce  oolourei 


elliptical  Bing», 
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1809      99    261-262    XK.XVII.  Irregular  Cwvet  prodnee  im^uJar  Ftgurea. 

XXXVIII.  Curved  Sarface$  are  rtqaired  for  prtid-arAng  the  coZoursd  Ap- 
pearanott  at  present  under  oontideratien. 
SC3    XXXIX.  Coloured  Appearances  oannot  be  prodnoed  bettoem  the  plain  iSur- 
faeet  of  too  parallel  Fiecea  of  GIom  applied  to  one  anollier. 
This  conclnsioii  is  derired  from  tho  obBervation  that  coloois  appear 
between,  two  snch  glasses  on]y  when  they  are  pressed  together  with 
conHderable  foroe ;  bat  snch  pressure  necessarOy  produces  distortiOB 
of  form  in  the  glaBsea. 
S64-365    XL.  Of  the  Production  of  coloured  Appearaneea. 
S65    Tbe  (solonrs  contained  in  white  light  may  be  separated  by  reflection, 
as  well  as  by  re&action.    The  prodnctloD  of  the  bias  bow  at  the 
limit  of  total  reflection,  ae  described  by  Sir  ISAAC  Nkwton,  is  aa 
instance  of  this  effect. 
266-263    XLI.  ParUenUan  relaling  to  the  Newtonian  prisraatio  blue  Bow. 

A  description  of  the  phenomenon,  with  a  calculation  of  its  i)lace  and 
breadth  In  a  particular  case. 
268-272    TLU.  Acoomtof  apri»tnalieredBovi. 

268    This  conaiata  of  red,  orange,  yellow,  and  some  green  rays,  the  red 
colour  being  very  predominant.    To  see  the  red  bow,  an  obserrer 
ehonld  place  himself  in  the  open  air,  and,  standing  with  his  back 
mUiin  a  few  feet  of  some  wall  oc  bnilding,  hold  the  sides  of  an 
equilateral  prism  fiat  over  his  eyes,  and  look  upwards  to  an  altitnde 
of  ahoat  30°  at  the  heavens. 
S69    Calculations  relating  to  this  bow. 
370-271    Method  of  piqjecting  the  bow. 
iTS-S7i    XLIII.  Of  a  eudden  Change  of  the  Colourt  of  the  Bo\ri). 

272  If  B  right-angled  prUm  be  laid  down  on  a  sheet  of  white  paper  before 

a  window,  and  the  eye  be  placed  in  the  proper  position  for  seeing 
the  bine  bow,  we  may  instantly  transform  it  into  red  one  by  cover- 
ing  the  side  of  the  prism  which  is  toww^  the  incident  light  with  a 
slip  of  pasteboard. 

273  Belative  positions  of  red  and  bine  bows. 

274-ii76    XLIT.  Of  Streaka  and  other  Fhenomeiut  prodmced  from  the  priamatto 
blue  andredBowi. 
These  may  be  produced  by  applying  a  snrface  of  glass  or  metal  to 
that  Burface  of  the  prism  which  piodnces  the  one  or  the  other  bow. 
276-S79    XLV.  Ej^lanation  of  variouaAppearaneea  relating  to  pritjnatioSowa, 
280-281    XLVI.  The  JiTBt  Surface  of  a  Priam  la  not  oonoemed  in  the  FOnnation 
of  the  blue  Bow,  nor  of  the  Streaka  that  are  produced  bg  a  plain 
Glaa*  KppHed  to  the  <QRoient  Surfaoe. 
281-284    XLTII.  Ths  SlreaJea  which  may  be  »een  in  the  blue  Bow  oontai*  the 
colour*  of  "both  tte  Porta  of  the  priamatie  Spectrun,  bs  the  crittool 
wpumtton  of  uihich  the  Bote  ia  formed. 
S82    List  of  colonrs  observed  in  streaks. 
284-291    XLVm.  On  the  Formation  of  Strea&e, 

This  is  an  effort  to  determine  by  calculation  some  of  the  features  of 
the  phenomenon  under  the  supposition  that  the  streaks  are  pni- 
dnced  by  a  reflection,  at  the  siirfoce  of  the  glass  plate,  of  the  light 
tranamitted  by  (he  prism  near  the  critical  angle. 
291-292  XLIX.  Priamatie  Bowi,  when  teen  at  a  Dittanoe,  are  ttr<aght  Lbue. 
293-294  L.  The  colours  of  the  Boic-alreaka  owe  their  Prodtusliiyn  to  the  Prime^ls 
of  the  critical  Ssparatkm  nf  the  different  Porta  of  thepriamaHa  Spectrm. 
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1809  99    294-396    U.  ALetamaybelooUduponMaFfUmbentTonndinatireiilarFvn*. 

£99-303  LII.  The  critical  separation  of  the  CoUmre,  vjhidk  talcet  place  at  eer- 
tain  Angles  of  Incidence/  w  the  primary  eaiue  <ff  lilt  Smctoma*  col- 
oured  Singa  betvieeit  Olgect-glatieei. 

300-301  A  comparison  of  the  HimilaritieB  presented  b?  tbe  pbenomeDa  of 
the  rings  and  those  of  the  hows,  modified  by  a  reflecUng  plate  In 
contact  with  the  eSeetive  eorfoce  of  the  prism. 

303    LIII.  Beniarb$  relating  U>  the  SeieUmian  alUmateFila  of  ea»y  TCefieetion 
and  eaty  TVannnUnon. 
[Dated]  Slough,  near  Windsor,  December  9,  1808, 
Plates  XII,  XIII,  XIV. 

1810  100    149    Supplement  to  the  First  and  Second  Part  of  the  Paper  of  Experim«nU  fi>r 

InvettigattTifi  the  Cauee  of  Coloured  Conoentrio  Bingi  bettoeen  OhjecU 
glaaiea,  avd  other  appearanoea  of  a  rimilar  nature.  By  WlLLUM 
Hhrschel,  LL.  D.,  p.  R.  S.     Read  March  15,  1810, 

149-150  A  statement  of  the  object  of  this  snpplement,  and  a  diBonsaioD  of 
the  distinctions  between  the  red  and  blno  bows. 

151-153  LIV.  Svpplemenial  Coniideratione,  which  prove  that  there  are  Itw 
prima ri/  prismatic  Bov:t,  a  blue  one  and  a  red  one. 

154-157  LY.  Illustration  of  the  Dependence  of  the  Strealce  of  both  Sow  upon 
the  critical  S^aration. 

157-159  LYI.  Illustration  of  the  d^>endenee  of  SiTtga,  seen  in  a  iVism,  upon 
the  orilical  S^^aration. 

159-161  LTII.  Scmarka  on  Colovrs  supposed  to  ie  prodttoed  hg  thin  Platei 
or  WeSgee  of  Air. 
A  repetition  of  the  experiment  of  the  39th  Article  etiglitly  modified. 
Two  slips  of  plain  glass  touching  at  one  end  were  separated  at  the 
other  by  a  single  £bre  of  silk.  It  is  conclnded  that  the  pbenome- 
non  of  coloured  streaks  seen  neai  the  line  of  contact  is  so  well 
accounted  for  by  the  3oth  Ariiicle  that  it  wonld  not  he  pliilosophi- 
cal  to  aaciibe  them  to  plain  snrfaces. 

161-163  LVni.  lUustrating  Eemarlie  on  the  Intention  of  Oit  Ulh  Figwe,  ex- 
plained in  the  iBth  Article  of  my  Paper, 

164^166  LIX.  Experiments  on  the  multiplying  Power  of  Sttrfaees,  in  oontaet, 
uJUoA  modify  the  form  of  pritmalic  Appearaneee. 

166-168  LX.  Of  the  breadth  of  th«  SIreake  compared  b>  lAal  of  the  Bow*,  and 
the  canse  why  they  miuE  laJle  up  a  broader  space  than  the  Sows  fivtn 
whitA  they  are  derit>ed. 

169-177    IiSI.   Of  the  Manner  in  whidt  Sayi  that  are  Separated  by  oriKeal  re- 
Jlection  or  Intromitsion  come  to  the  Eye. 
Plates  T,  VI. 

1811  101    S69    Astronomical  Observatitms  relating  to  the  Conetmotion  of  the  Seavent, 

arranged  for  thepuTpose  of  a  critical  examination,  (^  result  of  whiak  ap- 
pears to  throw  some  neio  light  on  the  Organisation  of  the  Ce'UsHal  bodies. 
By  WiLUAU  HKK8CHEL,  LL.  D.,  F.  E.  S.     Read  Jnno  20,  1811. 

333    "Synopsis  of  the  Contents  of  this  Paper." 

[Tbe  following  analysis  is  by  Herschel  bimself  and  bas  served  as  a 
model  to  us,] 

273    Diffused  nebulosity  exists  in  great  abnndanoe. 

S75    ObserrationBOf  more  than  one  hnndred  and  fifty  sqaared^ieee  of  it. 

377    Its  abundance  eiceeds  all  imagination. 

HebulooH  matter  consiBtsofsuhstaQces  that  give  ont  light,  which  majr 
have  many  other  properties. 
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1811    101    2TfW!ai    NebnlooB  diffusions  contain  both  milky  nebnlosity,  and  Hnch  u 
from  ita>faint  appeafanoa  may  be  miataken  for  resolvable. 
778-Z79    The  range  of  ita  visibility  is  confined  to  very  moderate  limits. 
S80    The  pnrpoee  fur  wbich  sncta  great  abimdanoe  of  nebolostty  may  ex- 
ist deserves  investigation. 
SS2    Eitliei  greater  depth  or  greater  oompreaaion  of  the  nebnlons  matter 

may  oooasioii  greater  biightnasB. 
Sd4    Condensation  -wUl  best  acconnt  for  greater  brightness. 

The  condensation  of  the  nebnlooB  matter  ascribed  to  gravitation. 
S85    When  a  nebnla  has  more  than  one  preponderating  seat  of  attracting 
matter,  it  will  probably  in  time  be  divided. 
This  conception  is  snpported  by  Hie  appearance  of  double  neboln. 
286    Their  double  appearance  can  be  no  deception. 

Their  nehnlosity  is  derived  &<im  one  common  stock. 
S90    This  opinion  ia  snpported  by  the  remarkable  situation  of  nebnhe. 
292    Which  may  be  seen  in  Hi.  BODx'e  Alia*  C<BleitU. 
293-296    The  real  form  of  the  nebulous  matter  of  wliioh  nebula  are  com- 
posed may  l>e  inferred  ftam  their  figure. 
299  The  form  of  the  nebulous  matter  of  round  nebols  is  globular. 

This  form  is  caused  by  gravitation. 
302    The  central  brightness  of  nebnlte  points  ont  the  seat  of  attraction. 
The  effect  of  attraction  on  the  form  of  the  nelmlona  matter  depends 
on  its  original  expansion,  on  the  time  of  the  action,  and  on  the 
quantity  of  the  attracting  matter. 

305  .m  different  stages  of  condensation  pointed  ont. 

306  Comete  may  be  highly  condensed  nobnlra. 

307  Progreasive  condensation  takes  place. 

308  Concentric  brightness  as  veil  as  globnlar  fbnn  indicat«fl  the  general 

gravitation  of  the  nebnlons  matter. 

Progressive  condensation  may  be  seen  in  the  formation  of  nuclei. 

309-310    Nebulona  matter  is  probably  capable  of  being  consolidated;  the 

act  of  shining  proves  it  to  have  chemical  properties. 

It  will  stop  light,  and  is  partly  opaque. 

311    Qaeriesrelatingto  the  subsidence  of  the  nebnlouflniatter,thezodiacal 

light,  and  the  cause  of  rotatory  motion. 
313    Soma  i>art  of  the  nebuloos  matter  is  probably  elaatio. 

313  The  nniform  light  of  nuclei,  and  of  much  condensed  nebnlee,  proves 

that  the  nebulous  matter  is  considerably  opaque. 

314  When  the  nebnlons  mattei:  assumes  hardness,  the  progress  of  conden- 

sation will  be  impeded. 

315  Three  indications  of  ths  compreaaion  of  the  nebulous  matter. 
Planetary  appearance  arises  from  superficial  lustre. 

316  High  d^iee  of  condensation  of  the  nebulous  matter. 
A  still  higher  degree  of  condensation. 

318  In  common  good  telescopes  planetary  nebnLe  cannot  be  distingnisbed 

frOTn  Stars. 
Perhaps  they  may  in  the  end  be  so  condensed  as  actually  to  become 

319  The  nebnlons  matter  in  a  cubical  space  of  10'  will  admit  of  a  con- 

densation of  two  trillion  and  208  tbonsand  billion  times  befbte  it 
can  go  into  the  compass  of  a  globe  of  the  diameter  of  our  sun. 
Planetary  nebnhe  have  a  rotatory  motion  on  tbeic  axes. 
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The  aiigm»l  eccentricity  of  tlie  nebnlons  matter  of  a  nebnla  may  be 
the  phf  Bical  cause  of  the  rotatory  motion  of  celMtial  bodies. 
1811    101    330    Tbe  nebulooiBtar  in  Qrion  is  fictitious. 

331    Two  out  of  thioo  nebaloas  stara  in  OrUn  have  loBt  their  former  nebu- 
lons  appeurajice. 
Tbeii  fiotitiouB  appearance  was  owing  to  a  dispersion  of  their  light 
in  passing  through  nebnlons  matter. 
322    The  ftuntest  appearance  of  the  nebnlosity  in  Orion  ia  perhaps  not 
further  from  us  than  the  stars  of  the  third  or  second  uagnitnde; 
the  brightest  part  is  therefore  probably  not  bo  far. 
3S3    In  thirty-seven  years  the  nebnlosity  of  this  nebula  has  undergone  ' 

gr^t  changes,  and  mnch  greater  since  the  time  of  Hdxqhenb. 
324    Nebnlx  are  not  permanent  celestial  lH>dieB. 
335    Additional  proof  of  the  opacity  of  the  nebnlons  matter. 

335  Very  distant  nebnlofiities  wliich  cannot  be  seen  in  a  state  of  difTusion 

may  become  visible  when  condensed  into  separate  nebulie. 
327    Conversion  of  planetary  into  bright  stellar  nebnlK,  into  stars  with 
burs,  or  stars  with  haiinegs. 

329  Conversion  of  more  distant  ones  into  faint  stellar  nebuln,  into  stars 

with  bnrs  or  with  faint  chevelni'e. 
When  it  ia  doubtful  whether  an  object  Is  a  star  or  a  nebula,  it  may 
be  verified  by  an  increase  of  magnifying  power. 

330  When  the  ottJeot  is  very  like  a  star  it  becomes  difflcnit  to  ascertain 

whether  it  is  a  star  or  a  nebnla. 
When  we  cannot  ascertain  whether  the  doabtfhl  object  is  a  star  or  a 
nebula,  of  which  several  instances  are  given,  the  similitude  is  as 
great  ae  any  we  can  expect;  for  were  it  greater  there  conldbeno 
doubt. 

336  Postecript. 

[Dated]  Slough,  near  Windsor,  May  36,  1811. 

WiLLIAH  Hbbschel. 
336    Plates  IV  &  V;  43  figures  of  nebule, 

WIS  102  115  Obgertatiimt  of  a  Comet,  trii*  remarka  on  the  CotulmclUm  of  il»  Differml 
FutU.  By  WiiMAM  Herschel,  LL.  D.,  F,  E.  S.  Eead  December 
19,  1811.  [This  was  Comet  lail,  I.] 
115  I  have  examined  all  the  parts  of  the  late  comet  with  a  scratinizing 
attention  by  telesoopee  of  every  degree  of  requisite  light,  distinct- 
ness, and  power.  I  have  made  so  many  observations  that  I  shall 
only  give  a  selection  of  such  as  were  made  under  the  most  favor- 
able circumstances. 

115  The  Planetary  Body  in  the  Read  of  the  Comet. 

Where  with  the  naked  eye  I  saw  a  luminons  appearance  not  unlike 
a  star,  with  a  telescope  I  found  that  this  spot,  which  some  might 
call  a  nucleus,  was  only  the  head  of  the  comet. 

116  Within  its  densest  ihrt  was  an  extremely  small  bright  point  entirely 

distinct  &om  the  surrounding  glare.    Its  contour  was  certainly  not 
otherwise  than  round,  yet  I  could  but  very  seldom  perceive  it  de- 
finedly  to  be  so. 
lis    I  examined  this  point  with  various  magnifiers  on  a  10-feet  teleaoope. 
With  160  it  WAS  about  1".39  in  diameter. 

117  With  600  it  was  between  l".06'and  0".68.    The  sealing-wax  globules 

were  viewed  the  morning  after  the  observation  ae  well  as  the  morn- 
ing before.    [See  PAit  IVoiw.,  1808,  p.  145.]  ,  . 
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1812    102    lid    The  apparent  and  real  Magnitude  of  the  Planetary  Body.    I  call  its  ap- 
parent diameter  0".775 ;  that  is,  ita  real  diameter  was  about  438 

113    The  Eccentridty  and  Color  of  the  planetary  Body. 
The  planetary  body  was  ecoentric  in  the  head. 
119    The  color  was  of  a  pale  ruddy  tint  like  that  of  saoh  eqnaUy  small 

stars  as  ate  inclined  to  red. 
119    The  Illumination  of  the  Planetary  Body. 

We  may  infer  [&om  observationB]  that  it  waaviidble  by  rays  emitted 
from  its  own  body, 

119  The  Bead  of  the  Comet. 

120  [Description  of  the  head.] 

120  The  Color  and  Eccentricity  of  the  Bead. 

The  color  in  every  one  of  my  teleacopeB  was  greenish  or  bloish  green. 
131    The  head  was  eccentric ;  it  deviated  towards  the  snn. 

121  The  Apparent  and  Seal  Magniludee  of  tt«  Bead. 

The  real  diameter  of  the  head  was  about  127,000  miles. 

122  A  l^n$parent  and  BlanHo  Atmosphere  about  tlie  Bead. 

I  saw  stars  tbrongh  it ;  it  was  thus  transparent.    Its  elasticity  may 
be  inferred  irom  its  circular  form. 
122    The  extent  of  the  Cometie  Atmosphere. 

It  wae  more  than  507,000  miles  iu  diameter;  its  teal  extent  fat  ex- 
ceeds  this. 

122  Ths  Bright  Envelope  of  the  Cometie  Afmoiphere. 

123  The  Figure,  Color,  and  Magnitude  of  the  Atmosphere. 

Its  shape  was  circular ;  it  reached  neatly  half  way  round  the  head 
of  the  comet,  and  divided  into  two  streams,  one  on  each  aide  of 
the  head.  The  colot  had  a  strong  yellowish  cast.  Its  leal  diame- 
tet  must  have  exceeded  643,000  miles. 

123  The  Tail  of  the  Comet.    It  was,  Oct.  15,  iai<'  long. 

124  The  greatest  real  length  of  the  Tail. 

It  must  have  been  upwards  of  100,000,000  miles. 

124  The  Breadth  of  the  Tail.     It  was,  Oct.  12,  nearly  15,000,000  miles. 

125  The  Curvature  of  the  Tail. 
This  was  subject  to  variations. 

125    The  general  appearaaee  of  the  Tail, 

136  The  tail  had  two  branches.  [See  obserratioiii.]  November  9  the 
tall  of  the  comet  being  near  the  Milky  Way,  the  appearanco  of  one 
compared  to  the  other  was  perfectly  alike. 

127     The  return  of  the  Comet  to  the  Jfebuloue  Appearand. 

As  the  comet  went  further  from  the  earth  I  had  reason  to  suppose 
that  all  the  still  visible  phenomena  of  body,  head,  atmosphere, 
envelope,  and  tail  woald  soon  be  reduced  to  the  semblance  of  a 
common  globular  nebola.  And  this,  not  only  &om  its  iucceasing 
distance  but  by  the  actual  physical  changes  which  I  observed  in 
the  construction  of  the  comet. 

127  The  gradual  vanishing  of  the  Planetary  Body. 

128  The  diiappearance  of  the  transparent  part  of  the  Atmosphere  »nder  tke 

cover  of  the  scattered  light  of  the  oontracted  Envelope, 

129  Vnoomm/m  Appearanees  in  the  Dissolution  of  the  Envelope. 
One,  two,  and  three  streams  seen  in  it  at  different  times, 

130  Uncommon  Variations  in  the  Length  of  tke  Streams. 

131  ^iterations  in  the  Angle  of  the  Direotion  of  the  Envelope, 
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ISIS    103    131     TU  sTurrtening  of  tlui  Tail. 

132  Ivxreaang  Darkveai  between  the  Streams  thai  enclose  the  Tail. 

133  0/  the  real  oonsfrucfion  of  the  Comet,  and  its  variCKi  Farlt. 

133  The  form  of  tho  planetary  body  containing  the  solid  matter  of  tlie 
comet  is  globnl&r. 

133  The  trangparent  cometio  atmoaphere  ia  also  globnlar. 

134  The  envelope  must  have  been  an  invertntl  holloir  cone  terminating 

at  its  vertex  in  an  eqnally  hollow  cap  nearly  hemlaphericaL 

134  Tbia  hemispherical  cap  was  comparatively  thin. 

135  The  conatiuctiou  of  tiie  onrelope  explained. 

The  lamiDona  matter  as  it  arises  Siom.  Qie  envelope,  of  which  it  Is  a 
continuation,  is  thrown  a  little  oatwarda  and  aasnmes  the  appear- 
ance of  two  diveiglng  bright  atieamaj    but  if  the  sonioe  from 

136  which  they  rise  be  the  cireular  rim  of  a  hollow  bemispherical  sbetl 
the  luminous  matter  in  its  progress  apwards  can  only  fbrm  a  hol- 

136  The  feebler  Ught  of  the  tail  between  the  streams  ia  doe  to  the  thinneaa 
of  tbe  matter  in  the  middle  of  the  hollow  cone  throngb  which  we  look. 

136  Of  the  Solar  ageacy  in  the  prod»otio»  of  ComeUe  Phenomma. 

137  As  a  oomet  approaches  perihelion  it  is  [more]  exposed  to  the  action 

of  the  solar  rays,  whioh  can  produce  light,  heat,  and  chemical 
effectg.  Their  indnence  on  thie  comet  has  produced  an  expoosiou. 
The  way  these  effects  have  been  produced  may  be  sappoeed  t«  have 
been  aa  followa; 
137  The  matter  in  tbe  head  of  tho  comet  wonld  be  dilated  by  tbe  action 
of  tbe  Bjin,  chiefly  iu  that  hemisphere  of  the  bead  nearest  tbe  sun ; 
and,  being  more  Increased  in  this  direction  than  the  other,  it  would 
become  eccentric  when  referred  to  the  situation  of  the  body  of  the 
comeC,  The  head  being  what  drawa  onr  greateat  attention,  tbe 
planetary  body  wonld  appear  eccentrically  aituated. 

137  The  nebiUous  matter  which,  when  the  comet  is  f^  ftom  perlheliou, 

is  probably  spherical,  would,  near  perihelion,  be  rarefied  and  rise 
to  a  certain  level.  In  this  situation  we  have  had  an  opportunity 
of  seeing  the  transparent  atmosphere,  which,  bat  for  the  suspen- 
sion of  the  nebulous  matter,  we  might  never  have  diseovered. 

138  The  brilliancy  and  color  of  the  envelope  are  proofs  of  the  coutinued 

action  of  the  ann,  and  if  we  suppose  tbe  attenuation  of  tbe  lumin- 
ous matter,  already  very  rare,  to  be  carried  on,  its  particles  wUl 
gradually  recede  ftom  the  hoinisphere  esposed  to  tho  sun  and 
ascend  towards  the  region  of  the  hxed  stars.  Borne  such  operation  . 
must  have  been  carried  on. 

138  A  whole  hemispbeie  of  it  being  exposed  to  tho  sun,  it  must  ascend 

equally  everywhere  all  round  this  and  become  a  hollow  cone. 

139  The  luminous  matter  ascending  in  tbe  hollow  cone  received  no  addi- 

tion to  ita  qnantity  from  any  other  source  bat  the  exposed  l^mi- 
sphere. 

139    Tho  tail,  near  tbe  end,  most  have  been  rarefied  in  an  extreme  degree. 

139  The  vacancy  occasioned  by  tbe  escape  of  the  nebnloas  matter  was 
probably  filled  up,  either  from  the  opposito  hemisphere  or  by  a  ro- 
tation of  the  comet  about  an  axis. 

139  That  such  a  process  took  place  seems  to  be  supported  by  observation. 

140  A  rotater^  motion  of  the  comet  wonld  explain  the  variation  in  the 

lengths  of  tbe  two  branches  of  the  talL 
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1813      103  140     Of  tie  remilt  of  a  Caneet  Ferikeliim  Panage. 

The  quaUty  of  giving  out  light  is  immensely  increased  hf  ftn  np- 
pioach  to  the  snn. 
141  The  act  of  ahining  deDotes  a  decomposition  in  -ntucb  at  least  light 
(and  perhaps  many  other  elastic  volatile  substances)  is  given  oat. 
I  look  npon  a  perihelion  passage  in  some  degne  as  an  act  of  con- 
solidation. 

141  If  this  idea  be  admitted,  may  we  not  conclnde  that  the  consolidation 

of  the  comet  of  1807,  -when  at  perihelion,  had  already  boon  carried 
to  a  much  higher  degree  than  that  of  the  present  one,  b;  some  for- 
mer approach  to  our  son,  or  to  other  similar  celestial  bodies  each 
as  we  have  reason  to  believe  the  fixed  stars  to  beT 

142  It  is  probable  that  cometa  may  pass  aronnd  other  snna  than  onis. 
I4S    Have  we  not  reason  to  suppose  that  the  comet  of  1807  was  compara- 
tively a  much  older  comet  t 

143  Should  the  idea  of  age  be  rejected,  we  may  suppose  that  the  comet  of 

1811  since  the  time  of  some  former  perihelion  pausase  may  hare 
acquired  a  quantity  af  "wperihelion^A  matter"  by  passing  through 
extensive  strata  of  nebulosity. 

142  I  think  it  not  unlikely  that  the  matter  of  comets  is  originally  nebu- 

lous. It  may  possibly  happen  that  highly  condensed  nebulfe  may 
be  drawn  towards  the  nearest  celestial  body  of  the  nature  of  onr 
son,  and,  after  tboir  first  perihelion  passage  round  it,  proceed 
towards  some  other  similar  body,  and  finally  may  come  into  the 
regions  of  our  sun,  where  at  last  we  perceive  them  as  comets. 

143  The  brilliant  appearance  of  our  comet  may  be  ascribed  either  to  its 

having  but  lately  emerged  from  u  nebulous  condition,  or  to  its 
having  carried  off  some  [foreign]  nebulous  matter.  The  first  case 
will  lead  us  to  conceive  how  planetary  bodiea  may  begin  to  have 
an  existence;  the  second  how  they  may  increase  and  grow  up  to 
maturity. 

Wu.  Hbrbchel. 
[Dated]  Slough,  near  Windsor,  December  16,  1811. 

1813    102    339    Ohtervatiim»ofa»e(XmdComet,\nthEaaarkeonil»CoMtrwM<m.    [Comet 
1811,  H.]    By  William  Hhbschel,  LL.  D.,  F.  E,  8.    Read  March 
12,  1813. 
229    I  call  this  the  ieatnd  comet;  the  other  of  this  year  theJUvl. 

The  Body  of  the  Comet 
331    The  nucleus  was  5".2T44  in  diameter. 

333    The  real  diameter  of  its  nnolons  cannot  be  less  than  2,637  miles. 
333    The  <A«velsre  of  the  Comet. 

233  The  Tail  of  the  Comet.    Its  length  on  January  SO  must  have  been  about 
•  659,000  miles. 

i  233    Bemarki  on  the  Conetnuilion  of  the  Comet. 

234  When  the  two  comets  are  compared  they  are  fonnd  to  be  extremely 

different. 

234  The  light  of  the  second  comet  is  probably  reflected  from  the  sun. 

The  nncleue  of  the  comet  is  surrounded  by  an  elastic  atmospbeie, 
which  is  txanspareut. 

235  The  little  extent  and  extreme  f^ntness  of  the  tail  might  be  ascribed 

to  the  great  perihelion  distance  of  the  comet  if  tho  comparative 
view  of  the  comets  of  1607  and  1811  In  my  last  papvr  did  not  prove 
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that  the  effect  of  the  eolar  agency  depends  entirely  nptm  the  state 
of  the  uebtiloiis  matter  of  which  the  comet  ie  composed,  Thla 
Becond  comet  had  probably  but  little  wipwihelioned  matter. 
1812  lOS  236  If,  then,  the  effect  of  the  son  on  comets  is  mote  or  leas  coaspicnons, 
s^jcoiding  to  the  amonnt  of  noperihelioned  nebnlons  matt^  which 
they  contain,  we  may  arrange  these  celestial  bodies  in  a  certain 
order  of  consolidation,  &om  which,  in  the  end,  a  considerable  in- 
sight into  their  natoxe  and  destination  may  be  obtained. 

S36  For  example,  the  comet  of  this  paper  is  of  such  a  coustmction  that 
it  was  bnt  little  more  affected  by  its  perihelion  passage  than  a 
planet  would  have  been.  It  was  in  a  very  advanced  Btat«  of  con- 
solidation. 

237  That  of  1807  was  more  affected,  and,  althoogh  considerably  condensed, 
conveyed  a  great  quantity  of  nebnlooa  matter  to  the  perihelion 
passage.  That  of  1811  contained,  with  little  solidity,  a  most 
abundant  portion  of  nebnlons  matter. 

1614  104  248  AttronmnkalOhaervalioniTeiatiniitotheBiderMlpaHoftheSMventaTid 
iU  ConiiecSon  wHft  ike  NebtUcva  part;  arranged  for  (he  pwrpete  of  a 
eritkal  extminaUon.  By  Wiijiam  Herschbl,  LL.  D.  ,  F.  R.  S.  Read 
Fehruary  24,  1814. 

In  the  memoir  on  the  nebulous  part  of  the  heavens  [Phil.  Titait. 
IBll]  I  have  endeavored  to  show  the  probability  of  a  very  gradual 
conversion  of  the  nebulous  matter  into  the  sidereal  appearance. 
This  paper  refers  to  the  sidereal  part  of  the  heavens. 
249    I.  OfBtan  in  remarkdtile  HtvalUnu  in  regard  to  JTeftute. 

Surmise  that  nebula  may  have  considerable  proper  motions.  Neces- 
sity of  caution  in  snch  couclusious.     Five  stars  in  such  situations. 

550  n.  Of  tiBO  star*  with  nAuloHlg  belKeeii  them. 

19  instances  of  such  connection  are  given;  in  the  memoir  of  1B1L,13S 
double  nebaltB  Joined  by  nebulosity  were  noted. 

551  Should  we  not  snrmise  that  possibly  these  stars  had  formerly  been 

highly  oondensed  nebntie  lihe  those  that  had  been  mentioned,  and 
were  now  by  gradually  increasing  condensation  turned  into  small 
stars;  and  may  not  the  nebulosity  still  remaining  show  their  neb- 
ulous originf  Also  as  we  have  over  700  double  stars  free  ftom  neb- 
nlodty,  many  of  which  are  probably  at  no  great  real  distance  from 
ns,  it  seems  as  If  ire  might  have  these  doable  objects  in  three  differ- 
ent snooessive  conditions.  First,  as  nebnlte;  next  as  stars  with  re- 
maining nebalofdty;  and  lastly,  as  stars  completely  &ee  &om  neb- 
ulous appearance. 

851    III.  Of  »ian  aith  nelrulotity  of  variom  ehapBi  attadied  to  them. 

2SS    Fonrteen  such  objects  noted. 

Now,  if  we  admit  a  contact  between  these  nebulm  and  the  stars,  it 
deservea  to  be  remarked  that  stars  in  the  situation  of  these  four- 
teen cannot  have  been  formed  from  their  at^oining  nebnloeities; 
for  a  gradual  condensation  of  the  nebulous  matter  would  have  been 
central;  whereiM  the  stars  are  at  the  extremity  of  the  nebulie. 
Their  connection  is  then  due  U>  some  motion  either  of  the  star  or  of 
the  nebulw.  If  the  nebulosity  should  subside  into  the  star,  it 
would  give  an  idea  of  the  groieth  of  a  star. 

353    IV.  Of  atara  with  netmlout  branch^. 

Three  cases  not«d  of  a  connection  between  stars  and  nebuira,  and  ref- 
erence made  to  Phil.  Iran*.,  1811,  pp.  301-311,  for  fnrllier  examples. 
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1614    104    254    The  idea  of  a  nebula  with  a  nnolens  which  gradually  aHsnmed  the 
lustre  of  a  star  is  more  piobable  than  the  fortaitoaa  oential  meet- 
ing of  a  star  and  uebnla: 
V.   0/ nebnloua  Hara. 

Thirteen  aie  noted— see  also  PhU.  Traiu.,  1791,  p.  71. 
Si66    NebnIoQB  staia  are  not  only  connected  with  a  neboloaity,  which,  from 
its  gieat  regnlarity,  might  be  taken  for  an  atmosphere,  bnt  also 
with  the  luminous  appearances  belonging  to  the  nebalooa  matter 
which  is  BO  widely  expanded  in  varioua  regions  of  the  heavens. 
What  has  been  said  of  the  gradual  oondensation  of  the  nebulous 
matter  in  the  com  of  extended  nebnice,  is  supported  by  a  much 
gieaternnmberofnebalOBitieslaaepherfcalform.   [SeePAfl.  Trans., 
IHll,  pp.  301-S.]    333  casee  are  there  mentioned,  in  which  the  fact 
of  the  gradoal  eoudensation  Is  rendered  bo  evident  as  not  to  admit 
of  a  doubt. 
BS6    NebnloQS  etarg'  only  differ  &om  round  nebulro  containing  a  naoleoa 

in  the  degree  of  condensation. 
SS6    TL  0/  Stan  conneoUd  with  eztennve  windings  of  nebulosity. 

Three  cases  noted.    The  neboloBlty  which  has  been  ehown  to  be  con- 
nected with  stars,  way  be  fully  proved  to  be  of  the  same  natnre  aa  the 
general  massof  neboloos  matter. 
Stars  of  this  clasa  are  in  a  condition  of  growth. 
257    Possibility  that  stars  were  originally  formed  by  a  condensation  of  the 
nebnloua  matter. 
We  may  conceive  both  the  generation  and  growth  of  stars  to  be  the 
legitimate  effects  of  the  law  of  gravitation,  to  which  the  nebulous 
matter  is  proved  by  obeervation  to  be  subject. 

VII.  Of  ttnali  palehea  eontistiiig  of  Stan  mized  mtk  nebuloritg. 
Tbirty-aeveD  oases  noted. 

The  connection  may  be  only  apparent — admitting  it  to  be  real : 

1st,  it  may  happen  that  the  nebulosity  sfiU  mixed  with  the  stars  is 

some  remaining  nnsubsided  part  of  that  from  which  they  were 

formed ;  or,  2d,  the  Duion  of  stars  and  nebulosity  may  have  been 

affected  by  the  motion  of  either  the  stars  or  the  nebulosity. 
S58  '  Such  motions  do  take  place.    Nebulce  are  subjeot  to  great  changes  in 

their  appearance,  as  the  nebula  of  Orion.     [Phtl.  Traru.,  ItJll,  p. 

330.] 
259    Every  nebnh>Bity  which  is  carried  into  the  region  of  a  small  patch  of 

stars  will  probably  be  gradually  arrested  and  absorbed  by  them, 

and  the  groteth  of  ttart  thus  contiuaed. 

VIII.  Of  objeoti  of  an  anbiguotu  oonatruetion. 

CIusteiB  of  stars  at  a  great  distance  may  assnme  a  nebnlons  appear- 
ance.    IPhil.  Tram.,  IBll,  p.  270.] 

Telescopes  of  gradually  increasing  space-penetratiug  powers  show 
certain  objecte  sncoesBively  as  nebuln,  mixtures  of  nebnlosity  and 
stars,  and  as  true  olnsters;  other  objects,  so  viewed,  increase  in 
brigLtnesB,  and  the  nebulosity  becomes  more  onifonnlf  onited  and 
of  a  milky  appearance,  and  these  are  purely  nebulous. 
S60  Definition  of  ambigaoiui  objects,  their  clnsaification  and  examples. 
Beventy-one  such  noted  in  fonr  classes. 

Clou  1.  Seven  objects,  which  may  be  supposed  to  contrlst  of  stars,  bnt 
where  observations  leave  it  donbtfut. 
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1614  104  261  CUm  3.  Twenfy-six  olijeota  of  loand  or  neftrl?  round  figure.  The 
ronnd  figure  of  these  show  them  to  be  jflohtlar.  Thef  must  either 
lie  in  a  condensed  state  parely  nebnlaaH,  or  else,  if  conHigtiiig  of 
BtBTB,  the;  mrst  be  in  an  advanced  ordei  of  compreasion,  and  only 
appear  nobuIonB  on  account  of  their  very  great  distance  firom  as, 

A  middle  utate  between  the  progreBsire  coudenealiou  of  a  globular 
nebula  and  a  cluster  of  stars  can  have  no  existence,  because  a  glob- 
ular nebulosity  when  condensed  can  only  produce  a  single  star.  A 
globular  cluster  may,  however,  intercept  a  mass  of  nebulous  matter 
in  motion,  in  which  case  the  nebulosity  must  soon  assume  the  form 
of  the  olDBter,  and  will  finally  be  absorbed  by  it. 

CItuM  3.  Twenty-six  easily  resolvable  ol^eots. 

562  Ciaw  4.  Twelve  objects,  probably  clusters. 
IX.  Of  the  tidereal  part  of  the  Meavem, 

Intimate  connection  between  the  nebnlons  and  sidereal  condition. 

563  StaiB  of  first  magnitude.     [See  Phil.  TVans.,  1785,  p.  68.] 

264  Prismatic  analysis  of  the  light  of  Siriue,  a  Orioyiii,  Froeyim,  Jretunu 
,  Aldebaran  and  a  Lyra. 

265  X.  Of  the  aggregaUon  of  stors. 

Star-gauges  prove  that  the  stars  are  not  eqaally  distiibuted  over  thA 

celestial  regions.     [SeePUI.  IV-ori.,  1785.] 
Forming  clusters.    This  t«ndenoy  to  clustering  is  chiefly  viuble  in 
places  extremely  rich  in  stars.    Its  greatest  effects  wiU  then  be  in 
and  near  the  milky  way. 
S66    The  twenty  objects  referred  to  are  not  given  as  instances  of  the  actual 
formation  of  clusters,  but  merely  to  draw  attention  to  a  seemingly 
aggregating  arrangement.    Fifteen  of  these  are  in  the  milky  way 
and  five  are  near  it. 
S66    XI.  0/  irMffular  oluttere. 

Clusters  in  very  rich  parts  of  the  heavens  ate  generally  of  irregolar 
toim  and  imperfectly  collected.    One  hnndred  and  twelve  aach  ob- 
267       jeots  are  referred  to ;  eighty  of  size  not  noted,  fifly-thiee  of  these  in 
the  milky  way,  eighteen  near  it,  nine  at  a  distance  from  it.    Also 
thirty-two  irregular  clusters  from  2*  fo  SO*  in  diameter;  of  these 
twenty-two  are  in  the  milky  way  and  ten  near  it. 
SST    The  great  number  of  clnsters  in  these  two  collections  is  not  only  an 
indication  that  they  owe  their  origin  to  a  olnstering  power  residing 
in  the  centre ;  but  the  still  remaining  irregularity  of  their  ammge- 
ment  additionally  proves  tbat  the  action  of  the  clustering  power 
has  not  been  exert«d  long  enough  to  produce  a  more  artificial  con- 
Htruotion. 
S63    XII.  Of  olutteri  varioiuly  evUnded  and  eompreiaed. 

Fifteen  extended  clnsteis  named;  twelve  in  the  milky  way,  three 
.   near  it.     Their  descriptions  show  that  the  power  which  lias  drawn 
the  stars  together  has  acted  under  different  clroumatancea  in  tlie 
several  cases. 
269    Xin.  Of  olvatenofiiariof  apeouliardeioriptum. 

Six  sQch  objects  named:  one  in  the  milky  way,  three  near  it,  two  at 
a  distance  from  it. 
S71    XIV.  Of  digsTBttllg  compreiBed  clusters  of  ttara. 

I  have  hitherto  only  considered  the  arrangement  of  stars  in  clusters 
with  a  view  to  point  out  whether  they  are  drawn  together  by  a 
elnstering  power  in  the  same  manner  as  the  nebulous  matter  has 
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been  proved  to  be  oondemed  by  a  graTitating  prinoiple ;  but  in  tbe 
forl^-one  dnstere  of  the  following  two  coUeotiona  we  shall  see  tliat 
it  is  one  and  the  aame  power  nniformly  exerted  which  first  con- 
densed nebulons  matter  into  sUm  and  afterwards  draws  them  to- 
gether into  closters,  and  which,  by  a  conduQauce  of  Its  action, 
gradually  increases  tbe  compression  of  the  stars  which  form  the 
closters.  The  first  oolleotion  has  thirty-three  considerably  com- 
pressed clnsteis,  seventeen  in  the  milky  way,  fifteen  near  it,  and 
(me  at  a  distance.  The  second  collection  contains  eight  clusters, 
highly  compressed,  five  in  the  milky  way,  two  near  it,  and  one  at  a 
distonoe. 
1S14    104    S72    XV.  Of  tA« gradual osiKimfniJlon OMlisfuIatfonii/ oIiMtsrto/flars. 

The  existence  of  a  dnstering  power  is  nowhere  so  visibly  pointed  out 
as  in  the  thirty-nine  olnsters  given  in  the  following  collection: 
Twenty-one  of  these  ore  in  the  ndlky  way,  seven  near  it,  and  eleven 
at  a  distance. 
873    SVI.  Of  globular  diurfws  of  itan. 

Fonrteen  such  objects  noted :  One  in  the  milky  way,  foor  near  it,  and 
nine  at  a  distance  from  it. 
ZT4-7    [Detailed  accounts  from  observing  books  of  U.  7S;  M.  2;  H.  5;  H. 

56;  M.80;  M.  13;  M.  3;  M.  15;  M.79;  M.  19;  M.  53.] 
278    XYII.  Of  mor«  dialant  glaJmlar  olutter)  of  itan. 

The  follovring  eleven  objects  are  so  like  those  of  the  foregoing  col- 
lection, that  I  have  called  tbem  miniatures  of  the  former.  Five  of 
these  are  in  the  milky  way,  one  near  it,  and  live  at  a  distance.  De- 
tailed descriptions  given. 
KT9  I  have  supposed  the  olDSl>ers  of  this  clasa  to  be  at  a  greater  distance 
team  ns  than  those  of  the  preceding  collection,  becanse  the  stars  of 
which  they  are  composed  are  more  minnte  than  those  of  the  clusters 
of  which  I  have  called  them  miniatures;  their  compression  is  aim 
closer,  and  the  size  of  the  whole  is  much  contracted,  all  of  which 
partlonlais  aie  readily  explained  by  admitting  them  to  be  more  dls- 
ttmt.  This  argnmeut,  however,  does  not  extend  ao  far  as  to  exclude 
a  real  difference  which  there  may  be  in  different  clusters,  not  only 
in  the  size,  hut  also  in  the  number  and  artangemeut  of  the  stars. 
XVUL  Of  rtfll  more  diatant  globular  dtuten  oftlar». 
S80  It  has  frequently  happened  that  I  saw  three  objecta  in  succession,  the 
first  of  which  was  a  brilliant  globular  cluster  of  stars,  the  second 
-  a  miniature  of  the  former  in  which  the  stars  could  just  be  perceived, 
and  the  third  in  every  respect  a  similar  miniature  of  the  second,  as 
the  second  was  of  the  firat,  but  in  which  the  stars,  though  suspected, 
vrere  no  longer  to  be  distinguished.  Five  snch  objects  given,  all  In 
the  milky  way. 
TfTT.  Of  a  reoimrmoe  of  the  ambiguoiu  limit  of  oftserroHon, 
ilSl  It  has  already  been  shown  [Till,  p.  358]  that  in  pasdng  from  ftunt 
nebulosity  to  the  suspected  aidraeal  condition  we  cannot  avoid  meet- 
ing with  ambignoDS  objects,  and  the  same  ^ticai  sitnation  will 
again  occur,  when,  from  the  distinctly  sidereal  appearance,  we  en- 
deavor to  penetrate  gradually  further  into  space. 
The  effiBota  of  olust«ring  power  have  been  gradually  traced  from  the 
filst  indication  of  cli^tering  atars  tbrongh  irregular  as  well  as 
through  more  artificially  arranged  clusters  np  to  the  beantifhl 
globular  form. 
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The  extended  TiewB  I  liaTe  taken  in  Qda  and  in  my  former  papers  of 
tlie  varioDB  parts  that  enter  into  tlie  oonatmotion  of  the  heaTeiiH 
have  prepared  the  way  for  a  Qnal  Investigation  of  the  aniversal 
arrangement  of  all  these  celeatial  bodies  in  space.  The  teale  is  still 
wanting  by  which  distancea  are  to  be  meaenred. 
iet4    104    S82    XX.  Of  lite  brMking  up  of  the  Milks  Was- 

Its  -whitish  tinge  has  been  proved  by  star-gangaa  t«  arise  from  ae- 
oamulated  stars.     It  does  not  now  coDsiet  of  equally  scattered  stais. 
2S3    One  hundred  and  fifty-seven  instances  have  been  given  of  clusters 
aitaated  within  the  milky  way.    Sixty-eight  more  are  in  the  bor- 
ders.   Now,  since  the  stare  of  the  milky  way  are  permanently  ex- 
posed to  the  action  of  a  power  whereby  they  are  irredatibly 
drawn  into  groups,  we  may  be  certun  that  from  mere  clustering 
stars  they  will  be  grada^ly  compressed  through  successive  stages 
of  accumulation  till  they  come  up  to  what  may  be  called  the  ripen- 
ing period  of  the  globular  form,  and  total  insulation;  frtim  which 
it  is  evident  that  the  milky  way  must  be  Anally  broken  np  and 
cease  to  he  a  stratum  of  scattered  stars. 
The  state  into  which  the  incessant  action  of  the  clustering  power  has 
brought  it  at  present  is  a  kind  of  chronometer  that  may  be  used  to 
measure  the  time  of  its  past  and  future  existence ;  and  although  we 
do  not  know  the  rate  of  going  of  this  mysteriona  chronometer,  it  ia 
fiS4        nevertheless  certain  that  since  the  breaking  up  of  the  milky  way 
affords  a  proof  that  it  cannot  last  forever,  it  equally  bears  witness 
that  its  past  duration  cannot  be  admitted  to  be  infinite. 
This  paper  is  accompanied  by  Plate  IX,  p.  284,  with  17  flgorea. 
Fig.  l  =  H.v,46.    Fig.  7  =  H.iv,42.    Fig.  13  =  H.  viu,  44. 
_         __  _       „        _.  14  =  H.viii.4. 

15  =  H.Ti,36. 


=  H.iii,67. 

8  =  H.iv.69. 

=  H.ia,706, 

9  =  H.iv,33. 

=  H.i,143. 

10  =  H.Ui,697. 

=  H.iv,4. 

ll  =  H.ii,101. 

=  H.iv,35. 

13  =  H.ii,500. 

1816  106  S93  A  seriei  of  olierrationi  of  th«  talellitea  of  ike  Gwrgian  planet,  tnolading 
apaeaage  tirotigh  the  node  of  thdr  orbits;  v^ithav  vatrodtictorji  oooount 
of  the  t«le«eopio  apparatm  that  Juu  6e«»  Mied  on  thit  ocoaiUn;  cmd  a 
fitad  expoiAiio*  of  some  calculated  partieulaTS  deduced  from  the  oiaerva- 
tfon*.    ByWnxuuHESBCHEL,  LL.  D.,  F.  K.  8.     Read  June  8, 1615. 

593  A  telescope  suitable  to  examine  these  faint  objects  most  possess  the 

double  power  of  magnifying  and  penetrating  into  space. 

594  The  efeoltoe  magnifying  power  defined. 

A  10-foot  refieotor,  even  with  ita  highest  powers,  will  not  show  these 

595  The  machinery  of  my  20-fOot  telescope  is  so  complete  that  I  have 

been  able  to  take  np  the  planet  at  an  early  hour  in  the  evening  and 
to  follow  it  for  7,  8,  or  9  hours  successively.    The  4D-foot  telescope 
has  not  been  always  osed  becanse  time  is  required  for  preparations. 
I  The  temperature  is  often  too  changeable ;  ita  use  lequirea  2  work- 

men, beside  the  assistant  at  the  dock  and  writtug-desk. 
206    The  SO-foot  can  be  pointed  on  the  planet  with  everything  adjusted 

in  10  minutes. 
S06    It  has  constantly  been  a  rule  with  me  nut  to  observe  with  a  larger 
instrument  wbNi  a  amaUer  would  answer. 
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I  have  two  minon  for  the  20-foot  always  i«ady,  and  my  observations 
are  never  intermpted  by  accideots,  which  often  happen  to  large 
miiTOTS,  sncb  as  greatly  u^jnre  thnr  polish. 

1815  105  396  In  these  delicate  obBerrations  no  doable  eye-glass  shoald  be  aeed,  or 
we  have  a  waste  of  light  at  foni  Horfaces  iostead  of  two. 
S97  The  hole  through  which  the  rays  pass  to  the  eye  ahontd  he  much 
larger  than  the  diameter  of  the  optic  pencils  and  considerably 
nearer  the  glass  than  their  focns,  for  the  «ye  ought  on  no  account 
to  toncb  the  eye-piece. 
297  With  regard  to  the  eye-glasses  when  merely  the  object  of  saving 
light  la  considered,  I  can  say  from  experience  that  concaves  hare 
greatly  the  advantages  of  convexes,  and  they  give  also  a  mnct 
more  distinct  Image.  This  £»ct  I  established  by  repeated  expen 
ments  about  1776.  For  the  cause  of  the  superior  brightness  and 
sharpness  of  the  image  which  is  given  by  concaves  we  mast  prob- 
ably look  to  the  ciicnmstonce  of  their  not  permittjag  the  reflected 
rays  to  come  to  a  focns.  Perhaps  a  certain  mechanical  eflect,  in- 
jnrions  to  distinctness,  takes  place  at  the  focal  crossing  of  rays  in 

397    [Foot-note.]    [An  experiment  to  test  this  described.     It  was  incoD- 

clnsive.] 
396    The  satellites  were  discovered  with   a  magnifviug  power  of  157 

only. 
S99    Mogmflers  of  300,  460,  600,  and  SOO  have  been  osed,  according  to  the 

conditions  of  the  mirror,  atmosphere,  ete.     On  particular  occasions 

1,200  was  naed,  and  2,400,  3,600,  and  7,200  have  been  used  to  scmt> 

nize  the  closest  neighborhood  of  the  planet.    I^e  known  satellites 

began  to  be  nebnioas  with  these  powers. 
399    In  the  following  observations  the  positions  of  the  satellites  have  been 

determined  in  3  ways:     Coarse  estimations,  aided  by  diagrams; 

more  oaiettl  ones,  aided  by  a  wire  in  the  focus  of  the  eye-glass; 

and  micrometer  measures. 

301  Distances  were  more  difflcnlt  to  measnre  than  angles  of  position. 

302  The  following  observations  ore  given  in  the  order  of  the  time  they 

were  made.     They  contain  everything  that  relates  to  the  two 
large  satellites  and  to  the  reseaiohes  for  detecting  additional  satel- 
lites. 
That  such  there  are  I  have  no  donbt. 

303  After  each  observation  is  given  an  "identification"  which  shows  by 

compntation  the  places  of  the  known  satellites. 

304  The  conflgniations  made  at  the  time  of  observation  are  not  given. 

They  generaUy  contained  the  planet,  ita  satellites  and  some  of  the 
neighboring  stars,  especially  those  that  were  in  the  path  of  tbe 
planet. 

304  Obeenatiotu  of  the  aatelUtea  of  the  Georgian  planet,  aecow^amed  by  a  the- 
oretioal  deferminaCion  of  tlMr  tUnoHim,  whereby  their  idmtitg  mag  be 
ageertuiited.     [Prom  17B7,  Jan.  11,  to  ISIO,  May  25.] 

323  [Foot-note.  ]  Telescopic  vision  in  windy  weather  is  generally  very  per- 
fect 

343  Jmtie»%a(i(iB  of  leveral  parHculart  deduced  from  tbe  foregoing  ob»ercatiaii». 

viih  an  ezposiNon  of  the  jnethod  bg  Khich  theg  have  been  obtained. 

344  The  place  of  (A«  atcending  node,  the  inclination  of  tht  orbiU  and  ihe  r^m- 

grade motioni  of  thetatellitei  determined,  I     ( )lH'>k'- 
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181S    105    345    CantideraHw  of  the  pHndplet  bji  which  tht  perUidical  r^roEufion  q/  tin 
lalellilet  uw.]/  he  obtained  from  the  observed  anglei  of  po^Hon. 
343    The  periodioal  TevoluUone  of  the  mtelUtti  determined. 

350  The  first  aatellUe  [Ttfunta]  makes  a  syiiodical  revolntion  in  8^  16''  56^° 

b.»  and  the  aeamd  [Ofeflron]  in  13*  11"  8"  59". 

351  ExpUnaUon  of  the  ideaUfying  method. 

355  I.  With  the  light  of  iiij  20-foot  telescope  the  finit  satellite  generally 

becoinea  inTieible  &t  a  distance  of  [16"]  from  the  planet;  and 
IL  The  second  at  ahont  [24"]. 
ni.  An  interior  satellite  cannot  he  seen  two  nights  in  saccession. 

356  IT.  Ezt«iiOT  satellites  that  are  very  faint  when  at  their  greatest 

elongation  can  hardly  ever  be  seen  at  any  other  time  when  the 
ocbitfl  are  contracted. 

V,  [Tttonta]  is  probably  largertban  [O&aronJ. 

TL  Both  are  subject  to  great  vaiiatious  of  light  t)>ot  owing  to  the 
changeable  oleamees  of  the  air]. 

VIL  This  maf  be  due  te  a  rotation  on  their  axes,  or  &om  atmos- 
pheres. 

Tin.  I  have  supposed  the  distances  of  the  first  and  second  satellites 
to  be  36"  and  48"  respectively. 

IX.  The  existence  of  additional  satellites  has  been  considered  already 
in  Phil  Trana.,  1TS8,  p.  59. 
368    An  interior  eatellite. 

359  Addition  [in  regard  to  an  interior  satellite]. 

360  ^n  intermediate  eatellite.    An  exterior  mtelUte;  and  Addition. 

361  tlfore  diitant  eatellitee;  and  Addition. 

362  Plate  XTI,  diagram. 

1617  107  303  Attronomieal  Oheematione  and  Experiment!  tending  (o  investigate  the  local 
Arrangement  of  the  CeUetial  Bodies  in  Space  and  to  determine  theExttmt 
and  CanditUm  of  the  Milky  Way.  By  Sir  William  Uerbchkl,  Ent. 
Guelp.,  LL.  D.,  F.  E.  S.     Read  June  19,  1817. 

302  The  constmction  of  the  heavens  can  only  be  known  when  we  have 

the  sitnation  of  each  body  defined  by  its  three  dimensions.  Of 
these  three  the  ordinary  catalogues  give  but  two,  leaving  the  dis- 
tance or  profundity  ondetermined. 

303  The  method  of  parallaxes  has  given  the  distance  of  the  sun,  planets, 

etc.  The  parollas  of  the  stars  has  also  received  attention.  With 
regard  to  more  distant  objects,  as  small  stars,  compressed  clnsters, 
and  nebnlEe,  these  methods  can  give  ds  no  assistance. 

303  I.  Of  tKelocaimiiatUmoftheataTtof  IheHeoKem. 

304  It  ia  evident  that  weoannot  mean  to  affirm  that  the  stars  of  the  fifth, 

sixth,  and  seventh  magnitudes  are  really  smaller  than  those  of  the 
first,  second,  or  third,  and  that  we  must  ascritra  the  cause  of  the 
difference  in  the  apparent  magnitudes  of  the  stars  to  a  difference  in 
tbelr  relative  distances  &om  ns.  On  account  of  the  great  nmnt>er 
of  stars  in  each  class  we  must  also  allow  that  the  stars  of  each  suc- 
ceeding magnitude  beginning  with  the  first,  are,  one  with  another, 
further  Aom  ns  than  those  of  the  magnitude  immediately  preceding. 
The  relative  magnitudes  give  only  relative  distances,  and  can  afford 
no  information  as  to  the  real  distances  at  which  the  stars  are  placed. 
304  II.  Of  a  standard  by  lehick  the  relative  arrangement  of  the  ttare  may  be 
examined. 
A  standard  of  reference  for  the  arrangement  of  the  stars  may  be  had 
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by  contparing  their  distribution  to  a  certain  properly  modiSed 

eqnality  of  scattering.     Tbe  eqaality  wMcli  I  propose  does  iiot  re- 
1817    107    305        quire  tliat  the  Htars  should  lie  at  equal  distances  from  each  other, 

noi  Is  it  necessary  that  all  those  of  the  same  nominal  nlagaitude 

should  be  equally  distant  trara  us. 

305  It  consists  in  allotting  a  certain  equal  portion  of  space  to  every  star, 

in  consequence  of  which  we  may  calonlata  how  many  stars  any 
given  extent  of  space  may  coutoin. 
This  arrangement  is  explained  by  means  of  a  figure.      Plate  X.T, 
Fig.l. 

306  ni.  Comparieon  of  the  order  of  magniiadea  isith  the  order  of  dUianoe*. 
Comparison  of  the  order  of  distances  by  the  foregoing  scheme  with 

the  magnitudes  assigned  in  Bode's  catalogue  of  14,144  stars. 
308  The  lesnlt  of  this  comparison  is,  that  if  the  order  of  magnitudes 
could  indicate  the  distance  of  tlie  stars,  It  wonld  denote  at  first  a 
gradual,  and  aft«rwarde  a  very  abmpt,  eondensation  of  them;  but 
that,  considering  the  priuoiple  on  which  the  stars  are  classed,  their 
arrangement  into  magnitudes  can  only  apply  fo  certain  relative 
distances,  and  show  that,  taking  the  stars  of  each  class,  one  with 
another,  those  of  the  succeeding  magnitudes  are  farther  boia  na 
than  the  stan  of  the  preceding  order. 

308  17.  Of  a  crilerion  for  aecertaining  tke  profvniity  or  lotal  eituaUoit  of 

oAeetial.objfcU  in  apaix. 
300    It  will  be  admitted  that  those  stars,  the  light  of  which  we  can  ex- 
perimentally prove  to  bei,  J,  -fg of  the  light  of  any  certain 

star  of  the  ficst  magnitude  most  be  2,  3,  4 times  as  f^  from 

ns  as  the  standard  star,  provided  the  condition  of  the  stars  should 
come  up  to  the  STipposed  mean  state  of  diameter  and  lustre  of  the 
standard  star. 

309  V.  Of  the  equalination  of  atar  light. 

309  Star  ganging  gave  rise  to  an  investigation  of  tbe  space-penetrating 

power  of  telescopes. 

310  lading  that  this  might  be  calculated  with  reference  to  the  extent  of 

the  same  power  of  which  the  nnassisted  eye  was  capable,  there 
always  remained  a  desideratum  of  some  sure  metliad  by  which  tbis 
last  might  be  ascertained. 
Description  of  experimental  apparatus. 

311  Method  of  limiting  apertures  described. 
313    VI.  Of  tU  extent  of  natufdl  vieion. 

313-8    Experiments  on  stars  made  in  August  and  December,  1803,  and 
February,  1814. 
'  314    Arctv-rae  has  fonr  times  the  light  of  a  Andromeda,  Polari*,  y  Vrtm, 

and  S  C<usiopf<s.    a  Andromeda  is  four  times  as  bright  aa  it  Pegati, 

316    Table  of  proportional  light  of  stars  of  various  orders. 

318  The  distances  of  clusters  cannot  be  ascertained  by  tbe  method  of 

equalizing  star  light. 
Til.  Of  the  sclent  of  teU»co^p^e  vision. 

319  Experiments  which  go  to  show  that  the  diameter  of  the  pupil  of  the 

human  eye  is  not  more  than  0.21  inch,  and  is  greater  than  0.17  ineb 
when  observing  with  a  telescope.     It  may  be  assumed  0.2  inch. 
^0    Till.  ApplicaUon  of  the  extent  of  natural  and  teleeoqpk  vteton  to  tk« 
probate  ammgeasent  of  the  et^Hal  io^et  in  epaee. 

U,j,,,;Jl,L.OOglC 
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We  shall  be  able  to  say  that  a  distant  celeatial  object  U  so  far  iFroro 
lis,  provided  the  stars  of  which  it  is  composed  are  of  a  use  and 
lustre  equal  to  the  size  and  Instre  of  each  stats  as  Siriut,  Arctsrui, 

1B17    107    3S1    The  stara  of  the  tenth,  eleventh,  and  twelfth  order  of  diBtancea  are 
not  only  more  cempreaaed  than  tlioee  in  the  neighborhood  of  the 
aun,  bnt,  moreover,  their  compreaaion  in  different  parts  of  th« 
heavens  moat  be  very  uneqnal. 
IX.  Of  the  emulruetimt  and  extent  of  the  milkg  teag. 
323    General  description  of  it. 

The  son  ia  within  its  plane,  for  to  an  obaerver  in  iatitade  60°,  when 
at  100°  R.  A.  the  mUlty  way  ia  in  the  eaat,  it  will  at  the  same  time 
be  in  the  west  at  260° ;  while  in  its  meridional  situation  it  will  pass 
through  Cat^opeia  in  the  Zenith  and  through  the  constellation  of 
the  Cioaa  in  the  Nadir. 
323-4  Examination  of  the  cluster  in  the  Sword  Handle  of  Ferieu4,  with 
various  space-penetrating  powers. 

325  [Beside  the  963  ganges  published  in  Phil.  Tram.,  1785,  p.  221,  above 

400  more  have  been  ta&en  in  various  parte  of  the  heavens  and  are 
not  published.] 

326  The  twenty-foot  telescope  cannot  fathom  the  profundity  of  the  milky 

336  If  the  stara  of  the  5th,  6th,  and  7th  magmtndea  cannot  be^auppoaed 
to  be  gradually  of  a  smaller  physical  size  and  brightness  than  those 
of  the  1st,  9d,  and  3d,  how  much  less  can  a  supposition  be  admitted 
that  wonld  require  that  the  starswhich,  by  a  long  series  of  ganging 
powers,  have  been  proved  to  mahe  their  gradual  telescopic  appear- 
ance ahould  also  be  gradually  of  a  different  conatmction  with  re- 
gard to  phyaical  aize  and  brightnesa  &om  those  which  we  see  with 
the  naked  eyet 

327  The  telescopic  breadth  of  the  milky  way  considerably  exceeds  the 

extent  which,  in  our  maps,  is  assigned  to  it. 
328-30  Observations — sweeps — which  confirm  thia. 

330  X.  Conciuiinu  itemarfca. 

What  baa  been  said  of  the  extent  and  condition  of  the  milky  way  in 
my  papers  on  the  construction  of  the  heavens,  with  the  addition  of 
this  attempt  to  give  a  more  correct  idea  of  its  profundity  in  space, 
will  contain  neatly  all  the  general  knowledge  we  can  ever  have  of 
this  magnificent  collection  of  atats. 

331  Our  sun  with  all  the  stars  we  can  see  with  the  eye  are  deeply  im- 

mersed in  the  milky  way,  and  form  a  component  part  of  it. 


[  Dated]  Slough,  near  Windsor,  May  10,  1817. 

1918  108  429  Aatnmomiail  observatione  and  experiments,  eeJected  for  the  purpeae  of  as- 
certaining (ft-e  relative  disioncefl  of  cliuttm  af  stars,  and  of  investigating 
how  far  the  power  of  our  telescopes  may  be  expected  to  reach  into  space 
token  directed  to  oniWffuoiw  celesHal  nijeota.  By  Sir  William  Her- 
SCHIL,  Ent.  Gaelp.,  LL.  D.,  F.  E.  S.  Bead  June  11,  1819. 
AS9  The  method  of  equalization  of  star  li<;ht  wilt  show  the  relative  dis- 
tances of  stara;  &om  this  a  method  was  explained  in  Phil.  JYans,, 
1817,  by  which  means  the  profundity  in  space  of  every  object  con- 
sisting of  Btars  can  be  ascertained  as  far  as  the  light  of  tlie  telescope 

a  Mis.  31 — 39  ,,,,..„,L.oogle 
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suiBceH.    This  method  may  be  need  to  ascertain  the  profundity  of 
globnlai  and  other  clasters. 
1818    108    430    I.  Of  the  di»tance  of  gUAular  and  other  dutteri  of  itors. 
GeDeral  piinciplea  to  guide  in  such  obserrations. 
431    II.  A  aerieg  of  obaervatione  of  cluetere  of  stars  from  loMtA  the  order  of 

their  profundit)  in  ipaee  is  deierninfd. 
431-61  ObaervationB  of  H.  vi,  7,  9,  10,  11,  12,  17,  30,  26,  35,  38,  41,  63,  and 
of  M.  1, 2, 3, 4, 5, 9,  10,  11,  12,  13,  14,  15,  19,  22,  30,  33,  34,  35, 53, 55, 
56,  57,  62,  67,  68,  69,  71,  72,  74,  75,  77,  79,  80,  93,  97. 
451    III.  Of  a  method  to  repfVient  theprofutidits'of  eeUsHal  object*  i*  tpace  by 

a  diagram. 
470    Fig.  1,  Plate  isi,  repreaents  such  a  method  applied  to  the  foregoing 

objects. 
460    IV.  Of  anibigtious  celestial  objects. 

An  object  ie  often  ambiguoaa  when  viewed  with  insufficient  optical 
means,  and  its  nature  may  be  Itoown  by  increasing  this  means. 
Objeots  ambiguon's  to  the  naked  eye  become  known  \nth  the  20-foot 
telescope,  and  bo  on. 

462  V.   The  milky  way,  at  the  profundity  beyimd  ichick  the  gaiiging  povers  of 

our  inetrvnienle  cannot  rawft,  is  not  an  ambigiuma  object. 

463  We  may  conclude  that  whcD  our  gauges  fill  no  longer  resolve  the 

milky  way  into  stars  it  is  not  because  it  is  ambiguous,  but  because 
it  is  fethomlesa. 

463  VI.  Of  the  aitumed  lemblanet  of  clusters  of  itar»  mhen  seen  throagk  (eZ- 

eeoopee  JAaf  have  not  li^ht  and  pouier  mgUienl  to  ihov;  their  mature  and 
constmotion. 

464  Obserrations  of  various  clnaters  in  -teleecopes  of  varions  aizee. 

465  Two  different  principles,  the  nebulous  and  the  tideraal,  have  been  ob- 

served in  the  celestial  spaces. 
Distinguishing  characteristics  of  each. 

466  It  seems  highly  probable  that  some  of  the  cometic,  many  of  tho 

planetary,  and  a  considerable  number  of  the  stellar  uebnlie,  are 
clusters  of  stars  in  disguise. 
466    Tfl.  Of  the  extent  of  the  pover  of  our  teleeeopes  to  reach  into  tpaoe  Khtn 
they  are  direeted  to  ambiguous  celestial  objects. 
The  method  of  equaJizing  the  light  of  stars  may  he  applied  so  as  to 

give  an  estimate  of  the  extent  of  this  power. 
When  the  united  light  of  a  cluster  of  stars  is  visible  to  the  [naked] 
eye,  there  will  be  a  certain  maximum  of  distance  to  which  the 
same  duster  might  be  removed,  so  as  still  to  remain  visible  in  > 
telescope  of  a  given  spaoe-i)enetrating  power;  and  if  the  distanoe 
of  the  oluBter  can  be  ascertained  by  the  ganging  power  of  any  in- 
strument, that  will  jnst  show  the  atara  of  it,  tJie  order  of  the  pro- 
Aindity  at  which  this  oluster  could  stUl  be  seen  as  an  ambignooa 
object  may  be  ascertained  by  the  epace-penetiating  power  of  the 
telescope  through  which  it  is  observed. 
467-70  Examples  of  this  method. 
470    Plate  XXI. 

Wnjj 
[Dated]  Slough,  neai  Windsor. 
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Aperture:  effect  of.... 1795  67 

:  advantagee  of  large  apertorea  ., 1800  255 

Apex  of  soiar motion:  defined ■  1783  273 

:  defined  and  considered , 1805  239 

:  iflnotat,  but  near,  \BerimlU  .: 1B04  360 

:  ia  in  R.  A.  245°  58' 30",  N.  P.  D.  40°  22* 1805  256 

Asteroida:  defined : 1802  229 

Asteroid:  justification  of  the  name 1805  63 

Atmosphere  of  Marty  F«nu«,  etc. :  see  Man,  etc. 

Atmospheiio  epeotmm:  of  stars ■  1805  43 

BA.TER'a  letters:  do  not  indicate  order  of  briglitneBB.    Examples 1796  174 

Bernard:  .,.  1792  14 

BiANCHiNi: 1793  201 

Binary  stars :  suspected - -  1782  143 

:  see  alao  Btara,  and  Double  Stars. 

Bodb: 1811  292 

Bradlbt: 178a  84  ■ 

—:  : 1795  47 


1803  < 


Bnghtnew :  intrinsic  and  aggregate  brigbtne 
BiightDeaa  of  a  star:  dofijied ., 


, 1795  47 

Catalogue  of  Double  Stars - 1782  112 

:  - -  1785  40 

Catalogue  of  1,000  new  Nebulie  and  Clnaters 1786  457 

Catalogue  of  a  second  thonsond  of  Nebuls  and  Clusters 1789  ^19 

Catalogue  of  500  new  nebulte,  etc 1802  477 

Catalogues  of  the  Comparative  Brightness  of  the  Stars :  first 1796  166 

;  second 1796  459 

:  third 1797  293 

:— :  fourth '. 1799  191 

Central  forces :  other  than  gravity 1789  220 

Cera:  observations 1802  213 

— ■ — :  its  diameter  la  162  miles 1802  218 

:  it  Laaadisk 180S  281 

(  100 

Classes  of  double  stars:  defined IIS&I  to 

(  103 

Classes  of  nebnlee:  defined 1786  466 

Clocks:  (need  by  Hkrschbl) 1781  181 

Clusters:  definition 1789  S14 

:  are  composed  of  stars  of  equal  magnitude 1789  316 

:  are  subject  to  central  powers 1789  316 

:  are  ancient  in  proportion  as  their  spherical  form  is  completed  . .  1789  ?  ^ 

:  tliek  evolution , (^  J^^ni^ 
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Olnstera:  their  relative  diBtanoes 1818  429 

Clnstera  of  stars:  see  Catalogae  of,  et«. 

Clnatering  power :  its  analogy  with  the  gravitatiag  principle  in  nebnlie.  1814  271 

Coma  of  a  comet ;  defluition 1908  151 

Comet:  [1786,  U]  observed 1787  4 

:tna8,  II] 1789  151 

Comets:  [1?92,  I] 1793  23 

:  [1796,1] 1796  133 

:  [1S06,  II] 1807  260 

;  [1807,  I] 1808  145 

:  [ISH,  I] ;..  1812  115 

:  it  was  selMumioouB 1813  113 

:  It  was  transparent  and  elastic 1813  122 

-; :  its  tail  compared  with  the  milky  way 1812  j28 

:  itareal  constraction , 1813  133 

:  [1811,  II] 1812  226 

Comet  of  180?  and  1811:  theii  relative  age 1812  141 

Gometa:  the  sun's  effect  on  them  ., 1812  236 

:  their  light  ia  reflected  sunlight 1812  234 

:  defined 1803  Xio 

:  definitions  of  Nucleus,  Head,  Coma,  ettt 1808  146 

:  may  heJsome  astaroids .' 1802  230 

;  may  restore  to  the  sun  the  light  it  loses  by  emission 1795  60 

:  out  of  16  comets,  14  had  no  nuclons 1807  366 

:  that  of  1807,  I,  did  not  shine  Ijy  reflected  sunlight  only 1808  156 

:  the  sun's  influence  on  their  phenomena 1813  136 

•■:  the  tail  and  coma  of  1807,  I,  ohstmcted  the  light  of  stars 1808  157 

Construction  of  the  heavens 1784  237 

'. .■ 1785  213 

1789  212 

1791  71 

1795  46 

1802  477 

1811  269 

1814  248 

1817  302 


Diameters  of  the  Stars:  see  Stats. 

Dione;  observations 1790 

Diurnal  motion  of  the  earth :  see  Earth 1781 

DOLLAND  (J.) 1780 

Double  nebulw .. 1811 

Double  star  observations:  effect  of  practice 1S03 

Double  stars :  account  of  changes  that  have  hap})cued  iu  their  relative 

situation,  and  of  the  cause  of  these  changes 1803 

:  change  their  relative  situation  as- proved  by  observation  —     1802 

:  changes  that  have  happened  in  their  relative  situation 1804 

;  see  Stars. 

Drawings  of  Marg,  Jupiter,  eto. :  see  Mare,  Jupiter,  etc. 

Garth:  is  ite  diurnal  motion  equable  T 1781 

Hiuxladtit:  discovered  1789,  August  38 


*  1790 
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SuBJKor-lKDEi.                                                  pBti.oeorncAL  TRUtucnons.  Tear.  Pngc 

Enctladitii!  obserrfttioDB 1790  463 

Errata:  in  Flahstxbd'b  caUlogae 1796  SIS 

Error  in  estimating  the  centra  of  a  circle 1761  •  135 

Errors:  in  determining  rotatiou  of  planets 1781  134-fi 

:  in  determining  parallax  of  stars  considered ., 1782  96 

:  of  the  Lamp  Micrometer  29-3°  and  0",  1  from  three  meaaures  ....  178'/  112 

:  of  the  meaBores  of  double  stafs 178S  IIS 

:  in  the  positions  given  by  the  sweeps — 1786  464 

:  of  HKKBCHBL'e  doable  star  measures 1803  347 

Ether:  see  Reeietiug  Medium. 

Evolution:  of  sidereal  forma 1789  226 

Eye:  causes  of  iucreasedsenaibility : 1800  53 

:  limit  of  natural  Tieion IttOO  58,59 

:  limits  of  natonil  vision 1817  313 

:  exteut  of  telescopic  vision 1817  318 

E;e-piece:  for  viewing  the  snn 1801  361 

Eye-pieces:  single  better  than  double lT6:i  95 

:  trial  of  concave  ones 1794  58 

:  of  the  40-foot 1795  409 

:  used  for  solar  observation,  described 1803  215 

:  single  and  double:  their  relative  value 1815  297 

Fabricius(D.) 1780  338 

Facula:  are  elevationa 1795  56 

Fkrooson: , 1780509-18 

Fixed  Stars :  see  Stars. 

Flames:  are  penetrable  to  rays  of  light 1600  60 

Flamstibd: .■ 1782  84 

:  hia  star  magnitades 1796  170 

Flamstezd's  magnitudes:  ore  very  inconaistent '  1796  458 

Flahsteed'b  observations  of  fixed  stars '.  Index  to  them 1797  293 

Gaulbo: 1780509-12 

:  1782?  81    ■ 

I  68 

: 1785  47 

Ganging:  see  Star-ganging. 

Georgiina  Sidiu :  named 1783  1 

Goodbmckb: 1796      177 

Gravity:  there  may  be  other  central  force* 1789      220 

Haolby: 1792  9 

.  Harding's  asteroid:  {Juno) 1805       31 

Head  of  a  Comet:  defioitlon 1B08      150 

Heat:  radiant;  in  general 1800      265 

:  1800      284 

:  ; leoo      293 

:   1800      43T 

:  1901       265 

:  1601       354 

:  (radiant)  is  of  different  refrangihUity 1«00      371 

:  (radiant)  U  reflected ISO-"*      "iSI 

:  (radiant)  itia  also  refracted 1**00       -JOS 

HKMCHKIi  CaEOUMA: ;■ '"■(L'lOtV^^  23 
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SUBJECr-lNDEI.                                                              Pm/teOFHTClL  TRA>rajk(7T]OK8.  Tcu.  tjtge. 

Hbhscmel,  Cakolina:  a lllfi  396 

:  1807  set 

HEitsc&EL,JoiJX;   1808  160 

Hersch  EL,  William  :  theanolfsiBof  his  pftper  of  1811  as  mode  by  himself  1811  JdS 

HEVELiue: 1'80  508 

:   179S  47 

Hooke:  1762  64 
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SUBJKCT-INIIEI.                                                                                 THlLOflOFBICAL  TKAHBXCTIOm.  TCOT.    Foge. 

BIAMD8,  Simon: IHOO       64 

Mart.-  dr»wiDg»of ; 1781      lOT 

:  on  itspolea,  axis,  figure,  etc 178*     233 

:  24diawiiigH 1784      235 

:  the  polar  spot  pK^ecU  beyond  the  disk  byita  irplendor 1784      237 

:  polar  apots  are  due  to  ice 1784     260 

:  its  atmosphere 17S4J   ^' 


:  results  as  to  the  position  of  its  asis,et« 1784  273 

ifor«' rotation  time 1781  134 

Mar4i'  spots  are  permanent 1781  119 

Uaskeltme:  his  proper  motions  of  36  stars 1805  233 

MAUPKRTiufl;  hia  theory  of  variable  atare 1780  343 

Mater: ,' 1782  157 

Mercury:  obserration  of  its  transit  of  1802,  Nov.  9 J803  214 

:  is  perfectly  spherical 1803  217 

MsssiER'a  nebnlEB  examined:  (with  drawings) 1784  440 

:   1814  284 

: 1818  431 

Methods  of  observing;  limitation  of  magnifying  power 1781  494 

:  single  eye-pieces  better  than  double 1782  95 

:  the  telescope  to  be  used  depends  on  the  work  to  be  done 1782  82 

:  distances  of  double  stars ■..  1782  99 

:  theobserver,t^eair,and^the  instrument  must  have  the  same  tem- 
perature  .'. 1782  120 

>:  determination  of  magnifying  powers ...J 

:  employed  in  reviews  of  the  heavens  1783  250 

:  adjustment  of  foens 1785  43 

■ :  effect  of  magnifying  on  very  unequal  double  stars 1785  51 

■ — :  unequal  double  stars 1785  65 

:  a  star  is  not  alteaya  best  seen  in  centre  of  the  field  of  view 1785  83 

:  sweeps.... .-. 1786  458 

:  effect  of  moistnre  on  seeing . 1794  54 

:  see  Telescopes;  investigation  of  the  causes  which  often  prevent 

their  proper  action 1603  214 

;  determination  of  the  diameters  of  the  naclei  of  comets,  etc.,  by  ( 1808  148 

comparison  with  globules  of  sealing- wax (  1812  116 

Method  of  limiting  apertures: 1B17  311 

Micrometer;  naed  in  1781 1781  499 

:  position  (with  a  plate) .-. 1781  500 

;  (lamp)  described 1782  163 

:  (Inoid  disk,  etc.)  described 1783  5 

:  threads  were  sUk  and  were  1"  13'"  in  angular  dimension 1785  46 

Milky  Way:  resolved 1784  438 

;  its  shape, drawing  of  it 1785  266 

:  consists  entirely  of  stars 1791  71 

;  the  telescopic 1791  77 

:  example  of  its  most  crowded  parts 1795  70 

;  consists  of  stars  very  differently  scattered  &om  those  about  ns..  1802  480 

:  its  evolution 1814  282 

;  general  doBoription 1817  328 

:  iu  general 1817  302 

Mimat;  discovered  1789, Bq>t.  17 1790  10 
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SUBjsci-lKiiax.                                               Philosofhical  Tkahbactiohb.  Twt.  Paga. 

lUimag:  obaervatioiiB 1790  473 

Minimnm  Yisible :  (naked  eye) 1780  340 

:   -. 1783  95,96 

:  to  the  naked  eye  and  telescopes 1805  33 

JflroCeH:  1780  338 

:  has  a  period  of  331  d%;B,  10  hours,  19minateB 1793  25 

HouKEnx 1782  94 

Moon :  obaervatJanB  of  its  moimtauis -■ • 1780  507 

:  three  volcanoes  observed  1707,  ApriH9and20 1787  230 

:  eoUpse  1798,  Oct.  22 1792  27 

:  observations  of  its  monntains 1794  41 

:  iB  probably  inhabited 1795  65 

Uooutftinsr  in  Fmum 1793  208 

Monntains  of  the  Moon :  see  Moon. 

Multiple  stars:  examples  r<ind  figures]  of  possible  Bysteins 1602  487 


Nebula  of  Orion :  Its  changes .  - 


NebnlEs:  drawings  of,  etc 1784<  to 

(  446 
;  are  often  enrronuded  by  spaces  vacant  of  stMs 1784  448 

r  214 
:  tlieoretioal  view  of  their  varions  forms ITSff?  215 

(  216 

-.  planetaiy ." 1785  263 

:  were  platted  on  a  map 1786  467 

;  may  all  be  olnstera  of  stars ., ; 1802  497 

:  order  of  evolntion 1811  335 

:  their  proper  motions 1814  349 

:  drawings 1814  284 

:  observations  of  many  of  Messier'b 1814  274 

:   1818  431 

:  may  not  be  distant  clnstera  after  all 1791  84 

:  catalogues.    See  Catalogues. 

Nebnlie:  MESSIBB'S.     See  MosaisB. 

Nebulieand  Stars:  their  connection 1814  249 

Nebnlie  are  arranged  in  strata .*..... 1784  442 

Kebnto  (flouble) :  their  cause 1811  2tS 

Nebnlfs  (planetary):  may  become  stars I81I  318 

:  they  route  on  their  axes  ..; 1811  319 

Nebular  hypothesis;  see  Constmction  of  the  heavens. 

Nebulosity:  may  be  close  to  onr  system 1802  499 

:  diffussd  nebulosity  is  plentiful 1811  272 

Nebolone  matter:  its  nature 1791  85 

:  iselastio..: 1811  313 

[  309 
:  is  partly  opaque , 1811?  313 

Nebnloos  stars :  in  general 1791  71 

:  observationB  of  special  ones 1791  78-88 
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Tear.  Poge- 
1785      253 


1796 
1796 
1792 


laoi 


1800  49 
1817  319 
1814      264 


1800  439 

1805  43 

1795  403 

1803  345 

1805  31 

1805  40 

1805  53 

1805  272 

1806  462 
1784  446 

/  220 

1785?  to 

(  240 

1817  325 

1784  445 

1796  166 
1791  74-77 
1814  249 

1782  82 

1783  87 
1782  92 

1782  J  ^ 

\  128 

1782  97,98 

I  100 

1782?  to 

■   (  103 
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RertewB  of  the  heavena :  1st,  2d,  tmd  3d 1783J  '^ 

Bhta:  obBervatioDB 1790  444 

Rotation  of  the  planets r 1781  115 

Satellites :  ma;  be  more  ^xmdeiouB  towards  their  primanes 1792  16 

Satellite  to  Venuii:  most  be  leas  than  8-9  mag.  if  it  exists 1793  206 

S«tunt:  drawings    1790  2 

:  (rough)  drawings  of  it -,-  1790  13 

bafi  an  atmosphere 1790  15 

turns  on  an  axis i '.  1790  16 

is  spheroidal 1790  17 

:  Schbobtbk's  obserratioDS  criticised 1793  202 

^tesinl0bl6"0.'4J;2«' 1794  66 

:  the  shadow  of  the  ring  on  the  ball  is  broader  at  the  ends  than  at 

the  middle '.  1805  875 

:  drawings , 1805  379 

:  observations  on  its  singular  figure  [sqoare-shouldered  aspect] . . .  1805  272 


a  figure,  climate,  aad  atmosphere 1806     455 

:  drawings  of  it  In  1789  and  1805 1806      455 

:  may  change  in  color  at  its  poles  with  its  seasons 1806      464 

an  atmosphere '- 1806      466 

:  shadows  of  its  ball  and  rings 1794        55 

iSntum'f  belts:  observatioDB  in  detail. . 1794  49-59 

;  (qiuntuple)  belts,  with  drawings 1794  28-31 

&itum'«ring:  has  an  atmosphere. .- 1790         7 


principal  division , , 1790 

is  as  solid  as  the  baU 1790 

is  brighter  than  the  ball , 1790 

ite  thioknesB 1790 

its  atmosphere 1790 

its  edge 1790 

its  division  is  a  real  one,  as  proved  by  [Hersohel's]  observations-  1792 

is  brighter  and  whiter  than  the  ball 1805 

its  figure,  climate,  and  atmosphere 1806 

the  breadth  of  the  ring  is  to  the  width  of  the  apace  between  ring 

and  ball  as  5  to  4 1306 


iSoiur;.'» tings:  dimensions j... 1792 

;  the  inner  ring  also  revolves 1792 

:  more  than  one  division  has  been  observed  only  four  times 179! 

:  are  not  of  a  changeable  nature 1792 

;  diameter  measured 1792 

:  the  outer  is  fiiinter  than  the  inner,  etc 1794 

Satamh  satellites :  see  M.iina»,  Sneeladv»,  etc. 

:  Tables  of  their  motion 1790 

jSotum'a  shadow :  the  shadow  of  the  ring  on  the  ball  is  broader  at  the 

ends  than  in  the  middle,  1606,  Jnne  3 1806 

:  the  shadow  of  ball  on  ring  is  not  parallel  to  the  ontline  of  Saturn.  1806 
1795 
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SnBixci-lHDBZ.  pBltoflOFmcAL  TiuNBicTioiiB.  Tmi.  Page. 

Saotion  of  oni  sidereal  system .---  1T85  253 

Separating  power :  see  Aperture. 

Seqaenoeer  of  stellar  brightneaa 1796  173 

;  description  of  Herbchbl'b  method  for  stats 1796  181 

Short: 1792  9 

Sirius:  effect  of  tbe  Son's  attraction  on  Sirius 1806  227 

Solar  eclipses :  see  Sun  (eclipses.  ) 

Solar  phenomena :  explained 1801  303 

Sources  of  error  considered :  see  Errors. 

Spaoo-penotrating  power:  of  telescopes 1800  49 

:   1817  319 

Spectra  of  stars 1814  264 

Spectrnm :  distribution  of  the  light  and  heat  in  the  spectrum  shown  by 

curves 1800  439 

Speotrum  (atmospheric)  of  stars 1805  43 

Speotmm  of  the  Sun :  in  its  relations  to  Heat.     See  Heat. 

Speonlum:  dimensions  of  the  40-foot 1795  403 

Spots  on  Marl,  Jupiter,  eta. :  see  Mar/,  Jupittr,  etc. 

Spurious  diameters:  of. stars J803  345 

Spurious  disks:  in  geuetal 1805  31 

;  of  celestial  and  terrestrial  objects 1805  40 

:  otiterion  as  to  whether  a  disk  is  real  or  gpniioas 1B05  53 

Square^sfaouldered  aspect  of  Saturn 1805  272 

:  1806  462 

Star-ganges:  results  given  in  part 1784  446 

1  220 
:  results  given 1785?  to 

f  240 

:  (unpublished) ■. 1817  335 

Star-gauging:  defined 1784  445 

Stais  of  the  fint  magnitude :  eleven  pain  of  them  are  60°  apart 1796  166 

Stars  and  nehulie :  their  oonnootion  or  dlqjunotion -. 1791  74-77 

;  their  connection ,, ...  1814  249 

Stars:  their  parallax 1782  88 

:  paraUai;  method  proposed 1782  87 

:  some  stars  seen  best  with  high  powers,  and  some  with  lower 1782  92 

:  drawings  of  a  Xyni  with  various  powers 1782? 

:  double  stars  known  in  1782 1782  97,98 

I  100 

;  classes  of  double  etors 1782<  to 

■  (  103 

:  may  lose  light  in  space 1762  104 

:  theory  of  the  parallax  of  donble  stars ,•■  1782  104 

:  very  small  staia  usually  red 1782  140 

:  their  diameters;  o  ijrie'a  was  0".35 ■. 1762  147 

:  drawing  of  a  Qtnmiormn 1782  159 

:  lost  since  FLAM8TBBD 1783  260 

:  changed  in  brightness  since  FI.4M8TKKD 1783  254 

:  newlycome  to  be  visible 1783  257 

:  red 1783  257 

:  variable 1783  259 

;  enggestion  of  a  method  fbideteiminingthe  stellar  system  to  which 

a  given  star  belongs ("Hi  i^Tf?'  ^^ 
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Subject-Indri.                                              PHtLOSOFa:CAi.  TauiBitmoRs.  Tew.  Ftgfi. 

Stars:  BpnriouB  diameters 1785  4Ei 

:  the  colors  of  doable  atsfa  might  piMsihly  tell  db  which  componeiit 

was  the  nearer 1785  48 

:  their  atmospheric  spectra .  1785  83 

:  ateauuB 1789  213 

r  may  be  tegenerated  from  uebulte 1791  86 

:  disappearance  of  55  S'enmlt* 1793  S6 

:  their  nature 1795  46 

:  their  aoalogiee  with  onr  Ban 1795  68 

;  are  not  of  equal  size  nor  equably  distributed 1796  16S 

:  rotate  on  their  axes 1796  455 

;  their  relatiye  BiEcs 1800  59 

:  their  distribntion  in  space j 1800  61 

:  classification  of  stellar  systems:  as  Inntlated;  Binary ;  MuEtipEe/ 

Chatwing  Start ;  Oroupt;  Clmtert 1802  478 

:  theiK^nrionB  diameters 1803  345 

:  different  kinds  of  motion  of  stars 1805  236 

:  that  have  a  proper  motion  may  have  a  rotation  on  their  axes 1805  326 

:  cause  of  their  proper  motions ■- ; . ,..,. 1806  295 

:  theirspectra _. 1814  264 

:  their  evolution 1814  351 

:  thoir  distribution  in  space 1817  303 

:  catalogues.     8ee  Catalogues. 

Sun:  eclipse  of  1778,  June  24, observed 1781  138 

:  maybe  in  motion 1783  103 

:  is  probably  in  motion , 17K  143 

:  its  proper  motion  discriminated 1783  J™!; 

:  moves  towards  R.  A.  257° : 1783  268 

:  is  near  the  centre  of  the  Milky  Way 1784  443 

:  the  sun  is  ^tnated  in  a  compound  nebttla  of  Form  III 1785  244 

:  eolipBO  of  1793,  September  5 1794  39 

:  its  nature 1795  46 

;  early  theories , 1795  48 

:  must  be  wasted  by  emitting  light 1795  60 

:  height  of  its  lucid  envelope 1795  62 

:  may  be  inhabited ;.  1795  63 

:  its  lucid  substance  is  neither  liquid  nor  gaaeous 1795  71 

:  changes  in  the  son's  heat  will  acconnt  for  changes  in  terrestrial 

cUmat«B , 1796  186 

J  1795  46 

\  1800  51 

:  advantages  of  viewing  it  with  large  apertures,  etc 1800  S55 

:  oonflrmation  of  previous  theory  advanced  by  Herbchbl 1801  265 

:  nomenclature  of  iterarioas  parte 1801  26? 

:  its  !itmoBphere 1801  300 

:  its  spots  change,  and  this  change  is  connected  with  changes  in  the 

price  of  wheat 1801  310 

;  our  sun  is  an  insulated  star ; 1802  479 

:  direction  and  velocity  of  its  motion 1805  333 

;  reasons  for  admitting  a  solar  motion 1805  234 

:  the  quantity  and  velocity  of  its  motion . . . . .  1606  205 

:  it  is  a  member  of  a  very  extensive  sidereal  system 1806  336 

:  its  effect  on  comets 1813  136 


:  its  disk  cannot  appear  equally  bright  all  o 
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SUBJKCT-IllDEX.                                                         Fhilobofhical  Inbtkuctionb.  TeiT.  PAge. 

SuD  spots:  are  veiled  over  with  nebuloaity, ■.  1795       57 

:  observed 1795  49-58 

— ^:  praiumbrft 1795        63 

Sun'aemisaionofUghtandheat:  ia  variable 1801   J  ^^ 

1351 

Snn'H  motion  in  space :  itsqnoDtit;  assigaed 1606      233 

Sweeps:  method  described 1786      458 

;  with  the  40.foot 1795     384 

:  witli  40-foot  telescope  it  would  leqtdre  812  years  t-o  view  the 

whole  heavens 1800       84 


Telescopes:  (HBBSCHBL'al-inGh  Newtonian  described) 

;  DOLI.AND'a  3J-foot  refrftotors -, 

:  (HBBSCHaL's  7, 10,90  feet) 

1  nsedb;  HxRSCBSL 

;  (HuRflCHEL'B  20-foot  described) 

:  (Hkrschix's  20-foot  sweeping  telescope  described) . . 

:  experiments  with  various  magnifying  powers 

;  the  20-foot  was  much  tarnished  in  1786. 

:  those  made  in  1793 

:  (Hbrschbl's  40-foot  described) 


:  their  space-penetrating  power,  et«. ;  general  theory 

:  data  as  to  Hbrschel's  refleotora 

;  advantages  of  large  apertures J 

:  light- gathering  power 

:  measnre  of  their  effeotiveneas ■-. 

:  description  of  one  with  a  gla»a  mirror . 

:  investigation  of  the  causee  which  often  prevent  thoirpioper  action 

;  spurious  diameters . ... 

:  power  to  determine  verysmaU  angles ." 

:  there  is  a  limit  for  each  telescope  below  which  It  cannot  distin- 
guish a  real  from  a  spurious  diameter 

:  (Herbchbl'8  20.foot  and  40-foot — their  relative  i 

-:-:  generally  perform  well  in  windy  weather 

:  magnifying  powers  used.     See  Magnifying  powers. 

Telescopes  penetrate  into  space 

Telescopes  penetrate  space :  example  on  a  terrestrial  object- 
Telescopio  milky  way 

Hihya:  observations 

litan  :  transit  observed  1769,  Novembers 

:  observations 

Tilania:  discovered  January  11,1787  (period  8f  days) 

:  its  elements 

:  is  brighter  than  Oberon 

;  is  larger  than  Oberon 

:  is  variahle  in  brightness 

:  revolves  in  8*  lO""  56™  5«.2 

Uranus:  discovered  1781 , March  13 1781 

:  diameter  is  5".022 ^ ■.^„.     1782 
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auEUKTi'lTOKi.                                                  Pbiumophiul  XBiRucnom.  tfi.  Pisa. 

Urauna:  isronnd 17B3  II 

:  diameter  (ftbont  4") 1783  13 

bOBUoring;  And  it  Isflatteoed  at  the  polra ^ 1799  70 

[Wrtainl;  hoe  more  than  two  satellites 1H17  303 

Uraniu'  aatellitea:  four  new  ones  discovered 1798  47 

:  thesTstem  of  six  satallitae  explained 1796  66 

;  vanish  near  the  planet 1798  76 

:  observations 1815  293 

:  observations  &om  1787,  Jonnary  11,  to  1610,  Haf  25 1815  30* 

:  were  diacoveied  with  A  magnifjlng  power  of  157 1817  29S 

Variable  stars:  Mira  Ceti 1780  338 

:  perhaps  34  (^S«i  has  »  period  of  18  years J  ^"^  ^^ 

:  a  Serculb  is  a  periodical  star 1796  4S3 

:  have  daric  spots  on  tli^  anrfoco 1796  455 

;  may  have  a  proper  motion 1805  S36 

r.niu' diameter  at  distance  one,  isl8".79 1793  417 

Fwiu.'  in  general 1793  901 

:  rotates  and  has  an  atmosphere 1793  SOl-S 

:  its  moont^nsl 1793  202 

:  observations  from  17T7,  April  17,  to  1793,  May  30 1793  S03 

:  drawing 17W  904 

:  Is  suddenly  mnch  brightra  round  the  limb 1793  918 

:  its  onillnmiaated  half  has  been  seen   1795  51 

Vaia:  observations jgO?  ( 

Tolconoea:  observed  in  the  moon 1787  230 


Wheat;  its piioeisoonneotod  with changesin  themn 1801  }.  to 

(318 

Wilson:  has  shown  the  possibility  of  a  solar  motion 1S06     3ffi 

! 1806     161 

:  ; 1783      983 

Zodiacal  light:  1811     311 

Zone  oatologaes  made : 1795     396 
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REPORTS  OF  ASTRONOMICAL  OBSERYATORIES. 


In  the  latter  part  of  the  year  1880  the  following  circnlar  was  sent  to 
all  known  observatories  in  America  and  to  a  number  of  foreign  estab- 
lishments: 

[Circnlar.  J 

SanTHSOMIAN  INSTITUTIOK, 

Washington,  j>.  0. 

Mt  Deab  Sie:  It  is  desired  to  present  in  the  annual  report  of  this 
institution  a  yearly  summary  of  the  state  and  progress  of  astronomy  in 
the  United  States  and  elsewhere.  To  this  end  it  is  requested  that  the 
directors  of  observatories,  public  and  private,  will  return  this  circular, 
with  the  blanks  filled  out,  and  with  such  additional  information  as  they 
may  deem  suitable  for  publication. 

It  is  intended  that  one  such  circular  shall  reach  every  observatory, 
public  or  private,  in  the  United  States ;  if  any  have  been  omitted  it  has 
been  by  inadvertence,  and  notice  of  such  omissions  is  desired  by  the 
editor  {Prof.  Ebwabd  S.  Holden,  U.  S.  Naval  Observatory,  Washing- 
ton, D.  C). 

It  is  proposed  to  continue  the  summaries  in  the  future,  and  it  is  hoped 
that  the  directors  of  the  various  institutions  will  desire  to  furnish  from 
year  to  year  brief  sketches  of  the  activity  of  the  observatories  under 
their  charge.  In  this  way  a  record  of  current  astronomical  work  will 
be  kept  up,  which  otherwise  it  is  difficult  to  maintain  in  the  absence  of 
any  American  periodical  specially  devoted  to  astronomy. 
Very  truly  yours, 

Sfenceb  F.  Baibd, 
Secretary  Smithsonian  Institution. 

The  information  asked  for  embraced :  I.  The  Personnel :  II.  The  In- 
struments employed :  {a)  Meridian  circles;  (ft)  (6')  Meridian  transit  in- 
straments;  (c)  (c*)  Equatorial  instruments;  {A)  Spectroscopes;  (e)  Pho- 
tomers  and  other  subsidiary  apparatus ;  (/)  Chronographs;  (ff)  Clocks; 
{h)  Chronometers;  (i)  Miscellaneous  instruments :  III,  The  character  of 
observations  made  or  contemplated. 

Replies  to  this  circular  received  up  to  March  15, 1881,  are  given  be- 
low, in  two  classes:  Reports  of  American  observatories,  and  reports  of 
Foreign  observatories.  Additional  information  of  a  statistical  nature 
has  been  obtained  from  an  article  in  the  Annvmre  de  VObservaioire 
Royale  de  Bruxelles,  1881;  which  has  been  translated  by  Miss  Lockwood. 

In  the  absence  of  Professor  Holden  (at  the  Washburn  Observatory, 
Wisconsin)  Mr.  George  H.  Boehmer,  of  the  Institution,  has  attended  to 
the  arrangement  and  editing  of  these  Notices. 
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•  I.  AMERICAN  OB8EEVATOEIES. 


Albany,  New  York. 

Dud^  Observatory, 

Longitude  from  Washington,  13"  12'.87  E. 
Latitude,  42°  39'  49".5  N. 
Directors :  B.  A.  Gould,  1854 } 

O.  M.  MiTOHEL,1859; 
G.  W.  Hough,  1862; 
L.  Boss,  1875. 
Founded  in  1851,  by  aabscription,  the  principal  subscriber  being  Mrs. 
Blandina  Dudley.    Built  in  the  form  of  a  cross,  with  wings  east  and 
west  for  the  meridian  inBtrnments.    Finished  in  1854,  and  inangnrated 
in  1856. 


Alfred,  AUeghany  County,  New  Yorle. 

Alfred  Observatory. 

Longitude  from  Washington,  2"  65",  W. 
Latitude,  42°  15'  19".8  ]^. 
Director : ! 


Alleghany  City,  Pennsylvania. 
Alleghany  Observatory. 

Longitude  from  Washington,  11"  50'.84  W. 

Latitude,  40^  37'  47".6  N. 

Director :  S.  P.  Langlet, 

Assistant:  F.  W.  Very. 

Founded  in  1860  as  an  annex  to  the  TTniversity;  completed  in  1867 
through  the  liberahty  of  W.  Shaw.    The  dome,  26j  feet  (eight  meters) 
in  diameter,  contains  an  equatorial. 
Instruments: 

(6)  Meridian  transit  instrument:  makers,  TeouGHTON  &  SiMMS; 
aperture,  4  inches;  magnifying  power,  150  diameters. 

(c)  Equatorial  instrument:  maker,  Fitz,  re-worked  by  Clark; 
aperture  of  objective,  13  inches;  magnifying  powers  of  eye-pieces,  50 
to  1200 ;  equatorial  carries  a  12-inch  flat  mirror  by  Clark  at  south  end 
of  its  polar  axis;  also,  position  filar  micrometer,  polariziog  Bolar  oye- 

uu.i,  Mt,tj.oogrc 


BEPOBTS  OF  ASTEONOMICAL  0BSEBVAT0BIE8.      625 

piece;  apparatas  for  projecting  solar  image;    eight  other  snhsidiaiy 
pieces. 

(d)  Spectroscopes:  one  employing  large  Euthbrfued  grating;  one 
with  small  grating;  one  2-pri8m  spectroscope;  apparatus  for  using  large 
equatorial  as  collimator,  &c. 

(e)  Photometers  and  other  subsidiary  apparatus :  A  variety  of  ther- 
mopiles, used  in  connection  with  a  Thompsom  reflecting  galvanometer; 
large  BuNaEN  photometer;  small  portable  heliostat,  &c. 

(/)  Chronograph :  one  of  Bond's  pattern,  built  by  Hamblet. 

{g)  Clocks:  two  mean  time;  by  Howaed,  both  break -circuit:  one 
sidereal ;    by  Fbodshax,  break-circuit. 

(A)  Chronometers  1  one  mean  time;  by  Feodsham:  one  sidereal; 
Fbodsham,  break-circoit. 

(t)  MisceUaneQU% :  One  reflecting  telescope  of  BJ-inch  aperture,  spe- 
cially used  for  obtaining  an  image  projected  any  size  without  the  em- 
ployment of  any  enlarging  lenses,  and  a  number  of  subsidiary  pieces 
for  investigations  in  heat  and  light.  Electric  appliances  for  the  distri- 
bution of  exact  time,  automatically  and  continuously  to  points  outside 
the  observatory. 

The  work  of  research  during  the  past  year  has  lain  chiefly  in  meas- 
urements of  the  distribution  of  energy  in  the  spectrum  of  the  snn.  The 
routine  work  of  the  time  service  has  been  continued. 

Work  proposed  foe  the  cominq  teae  (1881) : 

(1.)  The  redetermination  of  the  solar  consfanf. 

(3.)  Redetermination  of  the  law  of  the  distribution  of  energy  in  the 
solar  spectrum  as  it  is  observed  after  absorption  by  our  terrestrial 
atmosphere. 

(3.)  Determination  (for  the  first  time)  of  the  law  of  the  absolute  dis- 
tribution of  the  solar  energy,  or  in  other  words  the  construction  of  a 
curve  showing  the  distriburion  of  the  solar  energy  as  it  would  appear 
to  an  observer  stationed  outside  of  the  earth's  atmosphere. 

Professor  Langlby  is  now  absent  with  a  large  party  prosecuting  his 
investigations  on  the  solar  constant,  on  one  of  the  ligh  mountains  in 
Soathern  Nevada. 


Amherst,  Massachusetts. 

College  Observatory. 

Longitude  from  Washington,  IW^  4*.8  £. 
Latitude,  42°  22'  15".6  N. 
JHreolor:  W.  C.  ESTY. 
Founded  iu  1857  as  an  annex  to  the  College. 
S.  Mis.  31 40 
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Ann  Abbob,  Michigan. 
Detroit  Observatory. 
Loii^tude  from  Washington,  26"  43M  W. 
Latitude,  42°  16'  48".  N. 
Sireotora:  F.  BeUhnow,  1854  j 
J.  0.  Watson,  1858; 
M.  W.  Haeeington,  1879, 
Annex  of  the  TTniveraity  of  MicMgan.    Pngected  in  1853,  commenced 
in  1853,  completed  in  1854.    Tbe  principal  structure  is  surmonnted  by  a 
dome  and  baa  two  wings.     About  thirty  planetoids  have  been  discor- 
ered  there. 


Annapolis,  Anite  Arundel  County,  Maryland. 
U.  8.  Naval  Academy  Observatory. 

Longitude  from  Washington.  2"  15'.61  E. 

Latitude,  38°  58'  53".48  H". 

Authority  for  latitude,  Professor  Chatjtenbt  ;  for  longitude,  United 
States  Coast  Survey. 

Director .-  Lieut.'  Commander  P.  F.  Habbihoton,  head  of  department 
of  Astronomy,  Navigation,  and  Surveying. 

Assistants:  1.  Lieut. Commander  O.  J.  TbAIN,  U.  8.  Navy; 

2.  Lieut.  Commander  E.  P.  EODOEES,  U.  S.  Navy ; 

3.  Lieut  W.  J.  Babkettb,  U.  S.  Navy. 
Instbumehis: 

(a)  Meridian  circle:  one;  makers,  Kepsold,  Germany;  diameter  of 
circles,  30  inches;  divided  to  2';  read  by  4  microscopes  to  2".  Aperture 
of  objective,  4  inches ;  for  observations  of  the  sun,  aperture  employed, 
—  inches;  magnifying  power  ordinarily  employed,  80  diameters. 

{b)  Meridian  transit  instrument:  maker,  Wt^BDEMANN;  aperture,  2 
inches;  magnifying  power,  40  diameters. 

(c)  Equatorial  instrument:  makers.  At  van  Clabk  &  Sons  ;  aperture 
of  objective,  7|  inches;  magnifying  power  of  eye-pieces,  40,  106,  553, 
and  966 ;  micrometer  eye-pieces,  89,  226,  673. 

(/)  Chronographs:  one  MOESB  fillet;  one  Transit  of  Venns  Commis- 
sion. 

(<;)  GlocJc :  one  sidereal;  makers,  Arnold,  Chas.  Fbodshau,  London. 

(h)  Chronometers:  five,  mean  time;  makers,  Negus,  Kos.  1030, 1088, 
1260;  Dent,  2099;  Hatton,  262:  two  sidereal;  maker,  Nequs,  Nos. 
1520,  1527. 

(i)  Miscellaneous  ;  one  Taleott's  zenith  telescope  ( WiJedemann)  ;  one 
Transit  of  Venus  telescope  (Stackpolb);  portable  transit  (Wubbe- 
mann). 

The  officers  attached  to  the  cbaervalory  are  not  practical  aatronomora, 
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and  they  are  folly  occupied  in  duties  of  ioBtruction  in  tbe  Department 
of  Astronomy,  Navigatioa,  and  Surveying.  The  instruments  are  used 
in  the  course  of  instruction,  but  regular  observations  are  not  made  for 
purposes  of  astronomical  investigation. 


Battle  Greek,  Calhoun  County,  Michigan, 
Sigh  School  Observatory. 

Longitude  from  Washington, 1 

Latitude, f 

Director:  Abthdr  K.  Babtlett  (private  observer). 
INSTEDJIBNTS : 

(a)  Meridian  circle:  one;  aperture  of  objective,  4  inchesj  for  obser- 
vations of  the  sun,  aperture  employed,  2  to  4  inches ;  magnifying  power 
ordinarily  employed,  75  diameter.-. 

(i)  Miscellaneous:  Theonlyinstiumciit  at  present  used  in  the  "Obser- 
vatory" is  a  i-inch  achromatic  tflfscoiK',  wbicli  was  purchased  by  the 
board  of  education,  about  nine  .ve:irs  a^o,  fur  the  use  of  students  and 
teachers  in  the  high  school.  Jt  wus  nuiniifactiired  by  Pl£B,  the  New 
York  optician,  and  is  mounted  ujtuti  ii  ]>-ji'tablc  trijiod  stand,  provided 
with  all  the  necessary  adjustments.  For  the  geut-ral  observations  of 
astronomy,  it  is  regarded  as  one  of  the  best  telescopes  in  this  State. 


BsTHLEHBoi,  Pennsylvo/nia. 
Bethlehem  Obsereatory. 
Longitude  from  Washington,  6"  40".19  B 
Latitude,  40°  36*  23".9  iT. 
Director :  1 


Beookltk,  Hew  York. 
Private  Observatory. 

Longitude  fivm  Washington, 1 

Latitude, ! 

Director:  G.  P.  Sebviss. 

LirSIRUMENTB  : 
(c)  Equatorial  instrument:  maker,  John  Btbne,  New  York;  aper- 
ture of  objective,  3J  inches ;  magnifying  powers  of  eye-pieces,  60  to  320. 
By  a  double  concave,  or  Barlow,  lens  of  6  inches  focus  these  powers 
are  each  about  doubled,  with  slight  loss  of  light  In  use,  five  eye-pieces 
an4  a  prism.  Also,  a  common  spy-glass  of  If  inches  clear  aperture, 
used  for  counting  sun-spots  and  other  observations;  power,  25  dijEun- 
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eters.    By  lengthening  the  eye-tnbe  aa  described  in  Dick's  "Practical 
Astronomer  "  this  power  caa  he  about  donbled. 

(g)  Clocks :  A  good  watch,  and  dock  of  ordinary  construction. 

Observations  during  the  past  tear  (from  October,  1879,  to 
March,  1881) : 

Observations  of  sun-spots ;  keeping  a  daily  map  of  the  sun,  on  which 
the  positions  and  number  of  spots  are  deuot^d ;  a  weather  record  kept 
in  connection  with  observations  of  sun-spots ;  also,  observations  of  the 
principal  planets  and  the  moon  to  detect  physical  changes ;  alE'O,  observa- 
tions of  nebulfe  and  star-clusters,  and  of  double  stars,  for  color.  Atteu- 
tion  hm  been  given  to  making  naked-eye  estimates  of  the  comparative 
brilliancy  of  the  larger  stars.  As  the  result  of  a  great  mauy  observa- 
tions it  is  found  that  Arcturua  slightly  exceeds  Capella,  and  that  Vega 
is  considerably  inferior  to  both  those  named.  This  winter,  for  the  first 
time,  Bigel  has  seemed  slightly  superior  to  Betelgueae. 

Work  proposed  for  the  coMrea  tear  (1881) : 

Continuation  of  sun-spot  observations  in  connection  with  a  weather 
record;  observations  of  the  moon,  planets,  &c. 

PeiMCIPAL  PDBLIOATIONS  OF  THE  OBSEEVATOBT: 

Many  editorial  paragraphs  and  other  articles  on  astronomical  subjects 
in  the  New  York  Sun. 

ADDITIONAL  INFOBMATION: 

Since  January  1,  1881,  a  daily  record  has  been  kept  of  the  sunset 
iMilors  a^nd  their  intensity,  on  the  supposition  that  such  a  record  may 
possibly  have  some  value  for  meteorological  purposes.  A  record  has 
also  been  kept  of  meteors  and  other  celestial  phenomena. 


BbOOKLTN,  New  Torlc. 
Private  Obserratorg. 

liongitude  ftom  Washington, T 

Latitude, f 

Mrector:  W.  T.  Gregg. 

(c)  Equatorial  instrument:  maker,  William  T.  GBBOa;  aperture  of 
objective,  6J  inches ;  magnifying  powers  of  eye-pieces,  50  to  600. 


Buffalo,  Erie  County,  New  Tort, 
Private  Observatory, 
Longitude  ttom  Washington,  T"  21*.65  W. 
Latitude,  42°  64'  9".5  K 

Authority  for  latitude  and  longitude :  Seport  for  1863  uf  the  Bogents 
)f  University  of  State  of  New  York.  ,  . 

Director:  Hekrt  Mills.  *> 
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Instruments  : 
(a)  Telescope,  not  equatorial :  maker,  Babdou:  aperture  of  objective, 
3  inches:  for  observatioas  of  the  sun,  aperture  employed,  3  inehes; 
n?agnifyiiig  power  ordinarily  employed,  50  to  250  diameters. 
OBSEKTATIONS  during  the  past   TEAR: 
Observations  on  sun-spots  and  comets  and  sneh  other  celestial  phe- 
ni>mena  as  como  within  the  range  of  the  instmment. 


Buffalo,  Erie  County,  New  York. 
Private  Observatory. 

Longitude  from  Washington, T 

Latitude, 1 

Director :  James  W.  Ward. 

Asaiatanta:  Wife  and  friends. 
IHSTEXIMENTS : 

(6)  Meridian  transit  itistrument. 

(c)  Equatorial  instrument:  maber,  John  Byrne,  New  York  City; 
ai»erture  of  objective,  4  inches^  magnifying  powers  of  eye-pieces,  60,  SO, 
130,  200,  330,  400}  useful  with  Barlow  lens  to  550. 

(k)  Chronometer:  one  mean  time;  maker,  Samuels,  Liverpool. 

(*)  Miscellaneous :  Dolland,  IJ  inches,  used  roughly  on  alt  azimuth 
Bwivel  for  southern  transits,  &c. 

Observations  during  the  past  tear: 

(6)  Observations  of  Jupiter  with  memoranda;  observations  on  the 
sun's  spots;  observations  double  stars  and  "sweeping";  observations 
searching  the  floors  of  the  lunar  plains. 

Work  proposed  foe  the  coming  tear  (1881): 

As  before,  with  illustrated  astronomical  instruction  to  a  class  of  ama- 
teurs. 


Cambridge,  Massachusetts. 

Tltc  Astronomical  Observatory  of  Harvard  College. 

Longitude  from  Washington,  23"  ll'.ll  B. 
Latitude,  42°  22'  4S".3  N. 
Directors:   W.  C.  Bond,  1831; 

G.  P.  Bond,  1860 ; 

J.  WiNLOCK,  1866; 

Edward  C.  Pickering,  1875. 
As^'-tants:  Miss  E.  G.  Saunders, 

Miss  S.  C.  Bond, 
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Mrs.  Anna  Wiklock, 
Mrs.  B.  T.  Sogers, 
W.  V.  Brown, 

A.  -W.  Cutler, 

J.  Eaynbr  Edmunds, 

B.  PiCKMANH  Mann, 
William  A.  Eogers, 
Arthur  Sbarle, 
Frank  Waldo, 

0.  C.  Wendell. 

Annexed  to  Harvard  College;  projected  in  1816;  groond  acquired  in 
1827;  instruments  Bet  up  in  1839;  a  central  structure,  with  a  great  dome, 
two  wings,  two  pavilions,  surmounted  by  domes  at  the  extremities  of 
the  wings.  Here  it  was  that  G.  P.  Bond  discovered  in  1848  the  seventh 
satellite  of  Saturn  (ffyperion),  and  iu  1850  the  dusty  interior  ring  inside 
the  bright  rings  of  that  planet.  This  observatory  possesses  one  of  W. 
C  Bond's  chronographs,  mounted  in  1849,  and  an  equatorial  of  2Cf 
inches  (0".68)  aperture. 
Instruments: 

(a)  Meridian  circle:  makers,  Troughton  &  Simms  (glasses  by  Alvan 
Clark&Sons);  diameter  of  circles,  36  inches ;  divided  to6';  each  cir- 
cle read  by  4  microscopes  to  0".l;  aperture  of  objective,  8J  inches: 
for  observations  of  the  sun,  aperture  employed,  8J  inches;  magnifying 
power  ordinarily  employed,  300  to  350  diameters,  (a']  East  transit  cir- 
cle, by  Troughton  &  SIMMS;  diameter  of  circles,  48  inches;  divided  to 
5*;  each  circle  read  by  4  microscopes  to  0".2;  aperture  of  objective, 
4^  inches. 

(6)  Meridian  transit  instruments:  one  made  by  Herbst,  of  Pulkowa; 
aperture,  2|  inches ;  magnifying  power,  np  to  200  diameters.  (6')  Large 
photometer,  mounted  in  the  meridian,  for  comparing  images  of  stars 
during  transit. 

(e)  EquatorialtJigtruments:  oaetaade'bj'MEnz;  aperture  of  objective, 
ISiuches;  magnifyingpowersof  eye-pieces,  100 to 2000.  {&)  Westequa- 
torial,  by  Alvan  Clark  &  Sons;  aperture,  5 J  inches. 

(d)  Spectroscopes:  three,  described  in  vol.  viii  of  the  Annals  of  the 
Observatory, 

(e)  Photometers  and  other  subsidiary  apparatus :  One  Zollwer  photo- 
meter, and  several  photometers  of  other  kinds. 

{/}  Chronographs:  two,  spring  governors,  by  W.  Bond  &  Son;  one 
small  barrel  chronograph. 

(p)  Clocks:  one  meantime;  maker, Bond,394;  onesidereal;  makers, 
FRODSHAM,  1327;  BoND,  312. 

[h)  Chronometers:  two  sidereal;  makers,  Feodsham,  3461;  Bokd, 
236;  one  thermometric  chronometer,  Frodsham,  3424. 

{i)  Miscellaneous:  Comet-seeker  and  other  small  telescopes  and  appa^ 
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Observations  durikg-  the  past  tear  (from  November  1, 
1879,  to  November  1, 1880) : 
{a)  Observations  for  clock  error ;  determinations  of  absolute  places 
of  109  stars;  observations  for  difference  of  longitude,  Cambridge  and 
New  Haven. 

(b')  Photometric  comparisons  of  stars  visible  to  the  naked  eye ;  about 
40,000  observations  made. 

(c)  (t/)  Micrometrio  and  photometric  observations  of  the  satellites  of 
Mars  (including  1,103  position  angles  and  245  distances) ;  photometric 
observations  of  41  eclipses  of  Jupiter's  satellites;  observations  of  plan- 
etary nebulae ;  discovery  and  examination  of  stars  with  unusual  spec- 
tra; observations  of  variable  stars,  comets,  asteroids. 

WOEK  PROPOSED  FOR  THE  COMINO  YEAR  {1880-'81): 
Continnation  of  observations  now  in  progress. 

Principal  publications  of  the  obsbrvatoet  durin&  the 
TEAR  1879-'80 : 

1.  Annals  of  the  Observatory,  vol.  xi,  part  i,  1879. 

2.  Annals  of  the  Observatory,  vol.  xi,  part  ii,  1880. 

3.  Annals  of  the  Observatory,  vol.  xii,  1880. 

4.  Thirty-fourth  Annual  Report,  1880. 

5.  E.  G.  Pickering,  Dimensions  of  the  Fixed  Stars,  published  in  vol. 
xvi  of  the  Proc.  Amer.  Acad.,  1880. 

6.  W.  A.  EoGEBS,  Standards  of  length,  published  in  vol.  xv  of  the 
Proc.  Amer.  Acad.,  1880. 


GAMBEroaBPOET,  Mass. 
Private  Observatory. 

Longitude  from  Washington,  23"  49"  E.,  approximately. 

Latitude,  43°  21'  56"  N.,  approximately. 

Director :  E.  F.  Sawyer. 

For  the  past  four  years  the  director  has  been  principally  engaged  in 
recording  meteoric  observations,  having  published  from  time  to  time  lists 
of  bright  meteors,  stationary  meteors,  meteor  showers,  &c.,  and  has  also 
compiled  two  catalogues  of  "  Badiant  points  of  meteors,"  deduced  from 
some  1,100  or  1,200  meteor  tracks.  Has  also  collected  a  series  of  obser- 
vations on  the  variable  stars  o  Geti,  j-  Aquila,  p  I/yruB,  3  Cephei,  and 
P  Scuti,  &c.,  and,  under  the  head  of  miscellaneons  phenomena,  has  swept 
some  for  comets,  &c.  Observations  have  been  published  in  the  Astr, 
Nachrichten,  Observatory,  Monthly  Notices,  Science  Observer,  American 
Journal  of  Science,  &c.  During  the  coming  year,  generally  the  same 
field  of  obser\-ation  will  be  occupied.  Telescopic  observations  have  been 
principally  made  with  a  3f  inch  Bordan,  on  portable  equatorial  stand 
with  divided  circles,  but  no  clock-work. 
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Chioaoo,  Cook  County,  Illinoig. 
Dearborn  Observatory. 

Longitude  from  WashioglflD,  42"  14».C9  W. 

Latitude,  410  SC  1"  'S. 

Directors :  T.  H.  Sapfoed,  1865 ; 
G.  W.  Hough,  1875. 

Amiexed  to  the  University.  Founded  by  subscription  in  1822,  In 
1S64  it  came  into  posBession  of  an  equatorial  of  18^  inches  (0".4T)  ajier- 
ture,  made  by  Altan  Glare,  with  the  asBistance  of  which  S.  W. 
BuENHAU  has  made  a  close  and  most  interesting  stndy  of  many  double 
starB. 

Insteumekts  : 

(a)  Meridian  circle:  makers,  Eepsold  &  Son;  diameter  of  circle,  40 
inches;  divided  to  2';  read  by  4  microscoi)e8  to  0".l;  aperture  of  obgect- 
ive,  G  inches ;  for  observations  of  the  sun,  aperture  employed,  3  inches. 

ic)  Equatorial  instrument :  makers,  Alvak  Claek  &  SONS ;  aperture 
of  olrjective,  18J  inches ;  magnifying  powers  of  eye-pieces,  positive,  120, 
190,  287,  385,  900;  negative,  135,  225,  450,  900. 

(/}  Chronograph:  G.  W.  HottGH;   cylinder  recording. 

{g)  Clocks :  one  mean  time ;  makers,  Howabd  &  Co. ;  GeahAH  escape- 
ment, mercury  pendulum :  one  sidereal:  makers,  CeAELES  GOETNEB  & 
Co.,  London;  Geaham  escapement,  mercury  pendulum. 

(ft)  Chronometer:  sidereal;  makers.  Bond  &  SON. 

(i)  Miseellaneovs :  signal  mean  time  clock  for  transmitting  time  Big- 
nals. 

Obsbetations  Dusma  the  past  ybab  {firom  January,  1880,  to 
March],  1881): 

(a)  Eepsold  meridian  circle.     Observations  for  "Time." 

(c)  Micrometer  obBcrvationa  of  the  Batellites  of  Uranus.  Micrometer 
observations  on  the  planet  Jupiter.  (1)  Great  red  spot ;  longitude,  lat- 
itude, length,  breadth,  &c.  (2)  Equatorial  white  spots ;  longitude,  lat- 
itude, length.  (3)  Miscellaneous  spots;  longitude,  latitude,  length. 
(4)  Position  and  magnitude  of  the  equatorial  belt.  [6J  Fosition  and 
magnitade  of  the  faint  belts.  (6)  Physical  observations.  Comet  obser- 
vations for  positions.    Miscellaneous  work. 

WOEK  PEOPOSBD  FOE  THE  COMING  TBAE  (1881): 
Satellites  of  Uranus. 
Jnpit«r  continued. 
Miscellaneous. 

PEINCIPAL  PUBLICATIONS  OP  THE  OBSBEVATOBV  DUBING  THE 
YEAE  1880: 
G.  W.  Hough,  Report  of  the  Director.    Pamphlet. 
Satellites  of  Uranus.    Astron.  Nachr. 
Bed  spot  on  Jupiter.    Astr.  Begister. 
Observing  seat  for  the  eqnatoriaL    Monthly  KoticeSt 
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AdDITIOHAL  INFORMATION: 
The  great  equatorial  has  been  used  aa  heretofore  by  Mr.  8.  W.  B,UEN- 
HAU  for  donblo-Btar  observations.    His  report  is  appended. 


Eeport  of  S.  W.  Bumkam. 

i 

Title. 
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Page. 
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Moutbli  Notices  of  tlio 
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XL 
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xvni 

XV  III 
XIX 

497-5S2 

AatronomloBl  Register.. 

AMronomlwbe      Nach- 
liehlen. 

N«mT>cr. 

2388 
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The  observations  during  the  year  comprise  about  800  micrometrical 
measures  of  previously-know^n  double  stars,  and  the  discovery  of  about 
70  new  pairs,  the  most  of  which  have  been  meaanred  on  three  or  four 
different  nights  each.  A  nnmber  of  promtoeDt  naked-eye  stars,  some 
of  which  are  mentioned  in  the  contributions  to  astronomical  periodicals, 
are  included  in  the  list  of  new  stars.  Careful  series  of  measures  of  many 
of  the  most  difiQcnlt  of  the  binary  systems  have  been  made,  and  partic- 
ularly those  requiring  a  large  aperture  from  the  extreme  closeness  of  the 
components,  or  the  faintuess  of  the  companion  star. 


Cincinnati,  Ohio. 

Cincinnati  Observatory  (!}. 

Longitude  from  Washington,  29-°  46:85  W. 
Latitude,  39°  C  26".5  N. 
Director:  f 

Clinton,  Oneida  County,  New  York. 

Litchfield  Observatory  of  Hamilton  College. 

Longitude  from  Washington,  6"  34".65  B, 
Latitude,  43°  3'  17"  H". 
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Authority  for  loDgitade:  Longitude  telegrapfaitally  determined  from 
Cambridge,  Mass.    Latitude  by  stars  in  prime  vei'tical. 

Bireebrr:  C.  W.  F.  Petees. 

Founded  in  1852, by  Babecription;  completed  in  1855;  central  edifice 
with  wings  east  and  west.  Forty-two  planetoida  have  been  discov- 
ered here. 

IflSTBUMEHTS : 

(6)  Meridian  transit  instrument:  maker,  W.  WiiRDEMANN,  Washing- 
ton, D.  C. ;  aperture,  SJ  inches;  magnifying  power,  —  diameters. 

(c)  Equatorial  instrument:  one  made  by  SPENCBB  &  EATON;  aper- 
ture of  objective,  13^  inches;  magniiying  powers  of  eye-piecea,  80  to 
1600.  {&)  One  by  Steinheil  Sons;  aperture,  4  inches,  {c")  One  by 
Hugo  SoheOdee  ;  aperture,  5  Inches. 

{d)  8peetr08oope :  one  direct  vision  5  prisms;  attached  to  the  4-inch 
STEmHEiL  refractor. 

(/)  Chronograph:  by  Wm.  Bomd  &  Son,  Boston,  Mass. 

(g]  Clocks:  mean  time;  makers,  Wm.  Bond  &  Son. 

(A)  Chronometer:  sidereal;  makers,  Wm.  Bond  &  SOK 
Observations  dueing  the  past  yeae: 

(6)  (1/)  Determination  of  time. 

(c)  Observations  of  minor  planets,  comets,  &c.;  positions  of  fixed 
stars  determined  in  zones;  charting. 

{c')  (c")  Practicing  by  students  of  astronomy. 

Work  proposed  for  the  oOMiNa  teab  (1881) : 

Continuation  of  work  of  preceding  years. 


Columbia,  Boone  County,  Missouri. 

The  Laws  Observatory,  University  of  ike  State  of  Missouri. 

Longitude  from  Washington,  1''  1™  6"  W. 

Latitude,  38°  66'  N. 

Authority  for  latitude  a  nd  longitude :  Joseph  Ficxlin  and  Thomas 

J.  LOWRY. 

Director:  Joseph  FiCKLiN. 

Assistants:  Thomas  J.  Lowby, 
Wm.  a.  Cauthorn, 
Ihstbuments: 

{a)  Meridian  circle:  one;  maker,  Bbunnee,  of  Paris;  diameter  of 
circle,  lOJ inches ;  divided  to  5';  readby  two  microscopes  to  3";  aperture 
of  objective,  2^  inches;  for  observations  of  the  sun,  aperture  employed, 
2-i'j  inches;  magnifying  power  ordinarily  employed,  50  diameters. 

(c)  Equatorial  instruments :  one  made  by  Heney  Fitz,  of  Kew  York; 
ajjerture  of  objective,  4)^  inches ;  magnifying  powers  of  eye-pieces,  30  to 
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240:  one  made  by  Mbhz  &  Son,  of  Munich;  aperture  of  objective,  7j 
inclies ;  magnifying  powers  of  eye-pieces,  80  to  1018.  This  instxnmeDt 
is  furnislied  with  a  micrometer,  reflecting  prisms,  and  san-sbades.  It  is 
driven  by  clockwork.  The  boor  circle  is  10  iuehea  iu  diameter.  It  is 
gradaated  on  silver  to  single  minntes,  and  reads  by  two  verniers  to 
i  seconds  of  time.  The  declination  circle  is  15  inches  in  diameter, 
is  graduated  on  silver  to  10  minates,  ajid  reads  by  two  verniers  to  10 
seconds  of  arc.  The  finder  was  made  by  Al  fan  Claek  &  Sons,  of  0am- 
bridgeport,  Maas.  It  has  an  aperture  of  Ig  inches  and  a  focal  length  of 
17^  inches. 

(g)  docks:  one  mean  time;  maker,  BiOGS,  of  Philadelphia:  one 
sidereal;  makers,  Geeg(1  &  EiTpp,  of  New  York. 

(t)  Mi»cellaneous .-  Tt^e  inatrnmental  equipment  inclndes  also  a  sex- 
tant made  by  B.  &  G.  "W.  Bluht,  of  ITew  York;  the  arc  is  graduated 
on  silver,  and  reads  by  a  vernier  and  microscope  to  10  seconds.  An 
alt -azimuth  instrument,  made  by  £.  &  O.  W.  Blunt  ;  it  has  an  aper- 
ture of  2^  inches;  the  circles  are  12  inches  in  diameter,  and  graduated 
to  10  minntes ;  the  horizontal  circle  has  four  verniers  with  microscopes 
and  the  vertical  circle  two,  and  each  reads  to  10  seconds.  A  Transit 
theodoUte,  made  by  Geegg  &  Kupp,  of  New  York. 
Obsebtattons  duexng  the  past  teae: 

{a)  The  meridian  circle  has  been  used  for  time  observations  only. 

(c)  ((/)  Equatorial:  Observations  on  Hastwig's  comet;  observations 
on  Swift's  comet. 

WOEK  PEOPOSBD  FOE  THE  COMING  TEAR  (1881): 

1.  The  ordinary  work  of  instruction  to  classes  in  astronomy. 

2.  Observations  for  time. 

3.  Observations  on  such  new  planets  and  comets  as  may  be  annonnced. 
During  February  and  Ifarch,1880,the  old  observatoiy  building,  which 

stood  a  few  feet  west  of  the  main  university  edifice,  was  moved  and  en- 
larged. Itnowstandson  the  beautiful  eminence  in  the  campos  near  the 
chalybeate  spring.  The  meridian  line  of  each  pier  now  passes  between 
the  aniversity  baildiug  and  the  president's  mansion.  In  this  position  n 
good  horizon  is  secured.  In  the  old  position  the  horizon  was  obstructed 
on  tlie  north  by  the  scientific  building,  and  on  the  east  by  the  aniversity 
bnilding. 

The  old  dome  was  found  to  be  too  small  for  the  eqnatorial  recently  pur- 
chased, and  a  brick  addition  was  made  at  the  east  end  for  the  accom- 
modation of  this  instrnment.  The  whole  building  is  63  feet  long  from 
east  to  west,  and  fronts  east. 

The  present  greatly  improved  condition  of  the  Observatory  is  dne  to 
the  liberality  of  the  president,  Dr.  S.  S.  Laws,  who,  for  the  advance- 
ment of  astronomical  science,  has  given  to  the  nniversity  more  than 
$2,000  in  order  to  procure  the  telescope  and  put  it  in  complete  working 
order,  and  to  move  and  enlarge  the  observatory  building. 
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GOLUHBITS,  JVonftlin  Countyj  Ohio. 
Private  Observatory. 

Longitude  from  Wasbington,  23"  5i*  W. 

Latitnde,  40°  (V  1".5  K 

Anthority  for  latitade  and  longitude :  Coast  Survey  for  State-house 
dome,  a  couple  of  miles  or  so  distant. 

Director :  E.  W.  McFakland. 
Instruments: 

(c)  Equatorialitutrument :  makers,  AlvAN  CLABE&  SONS;  aperture 
of  objective,  6  inches  (nearly  completed). 

{g)  Clock :  mean  time ;  makers,  Paskinson  &  Fbodshau . 


Dubuque,  Iowa. 
Dubuque  Observatory. 

Longitude  from  "WashiugtOD,  54"  2T.G1  W. 

Latitude,  42°  29'  38"  N. 

Authority  for  latitnde  and  longitude:  Boundary  line  between  the 
States  of  Illinoia  and  Wisconsin,  projected  through  the  city  of  Dubuque; 
and  telegraphic  record  of  star  transits  at  Ann  Arbor  and  Dubuque. 

Director :  ASA  HoEE,  M.  D. — Under  the  supervision  of  Prof.  J.  O. 
Watson,  in  1865. 

iNSTEUMENTS : 

(6)  Meridian  trantit  instrument:  maker,  Wm.  WtJEDEMAim,  Wash- 
iugton,  D.  C.  Aperture,  IJ  inches;  magnifying  power  sufftcieDfto  noto 
time  by  stars  of  the  10th  magnitude.  Finding  circle,  4^  inches  diam- 
eter, reading  by  verniers  and  lenses  to  half  a  minute  of  arc  The  pier 
extends  17  feet  into  the  ground,  through  clay  to  gravel;  it  is  7  feet*6 
inches  diameter  at  base,  3  feet  at  top,  which  is  4  feet  above  the  surface ; 
is  surrounded  by  a  brick  wall,  8  inches  from  the  stone  shaft,  the  space 
between  (at  the  surface  of  the  ground)  being  stuffed  with  oakum.  The 
ys  rest  on  thin  brass  supports  on  the  top  of  stone  jM^rsi  instead  of  the 
iron  frame  which  acme  with  the  instrament. 

{g)  Clock:  mean  time;  makers,  Howabd  &  Co.,  Boston.  Tower 
clock,  reliable  to  less  than  a  second  a  day  through  all  extremes  of  tem- 
perature. 

(ft)  Chronometer:  meantime;  maker, K.Zimheeuai*, Liverpool, Eng- 
land. 

Work:  The  transit  instrument  was  erected,  and  has  been  used  almost 
exclusively  for  the  determination  of  local  time. 
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Elizaseth,  Union  County,  New  Jersey, 
Observatory. 

LoDgitade  from  Washingtoii,  11"  22".2  E. 

Latitude,  40°  iC  19"  N. 

ActhoTity  for  latitude  and  loogitade :  United  States  Coast  Survey. 

Director :  Chaeles  W.  Pltee. 
Ikstetjmbnts  : 

(6)  Meridian  transit  inrtrummt  .*  makers,  John  Buss  &  Sons,  Xew 
York ;  aperture,  1  inch ;  magnifying  power,  10  diameters. 

(c)  Equatorial  instrument :  maker,  Henby  O.  Fitz  ;  aperture  of  ob- 
jective, 6^  iuches.    Nine  eye-pieces,  from  50  to  630. 


FoBDKAM,  New  York. 
Private  Observatory. 

Longitude  from  Washington,  12™  lO-.l?  E. 

Latitude,  40°  52'  31".3  N. 

Latitude  and  longitude  deduced  from  Coast  Surrey  map  of  1863  and 
American  Ephemeris  1879,  assuming  tbe  latitude  and  longitude  of  New 
York,  given  in  the  Ephemeris,  to  lie  the  latitude  and  longitude  of  ttie 
City  Hall. 

Director :  William  Meikleham. 
Ihsteuments  : 

(c)  Equatorialinstrument :  maker,  John  Btens,  of  New  York;  aper- 
ture of  objective,  i^%-  iucbeB ;  focal  distance,  65  inches ;  magnifying  pow- 
ers of  eye-pieces,  20,  30,  45,  60,  80, 150,  250,  300,  350,  and  450 ;  also  an 
amplifier  which  doubles  each  of  these  powers  when  used.  Attached  to 
the  telescope  is  a  finder  of  1^  inches  aperture,  magnifying  20  diameters. 
Bight  ascension  circle  divided  to  read  to  4  seconds  of  time ;  declination 
circle  divided  to  read  to  1'  of  arc  Both  circles  divided  on  silver  and 
read  by  microscropes  attached  thereto.    Driving-clock, 

(d)  ^ectroseope:  one. 

{g)  Clodk:  mean  time;  maker,  Seth  Thomas,  Sons  &  Co. 

(i)  Miscellaneous :  Filar  micrometer ;  divided  on  silver  to  measure  ^V' 
of  arc  in  distance,  and  6'  in  position,  with  suitable  eye-piecea  and  illu- 
minating apparatus. 


FoEr  Dodge,  Webster  County,  Imoa. 

Longitude  from  Washington,  1''8".5  W. 

Latitude,  42O30'N. 

Authority  for  latitude  and  longitude :  F.  Hess.  GooqIc 
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Dir«rtor :  P.  Hbssl 
Aaaiitant :  Mrs.  P.  B.  Hess. 

INSTEUMENTS : 

(b)  Meridian  transit  instrument:  makers,  J.  BbOWN  &  SON,  Kcw 
York;  aperture,  1  inch;  magnifying  iwwer,  lOJ  diameters,  wltli  hori- 
zontal and  vertical  circle,  each  reading  to  1. 

(c)  Equatorial  instrument:  aperture  of  ohjective,  2|  inches;  for  ob- 
serrations  of  the  son,  aperture  employed,  2|  inches;  magnifying  power 
ordinarily  emjiloyed,  50  diameters. 

{g)  Clock:  mean  time;  maker,  G.  M.  Wheeler,  Elgin,  111. 

(t)  Misoellaneovs :  one  Troughton  sextant  and  artificial  horizon. 
Obseetatious  dueikg  the  past  yeae  (from  January  1, 1880, 
to  January  1,  1881) : 

Kg  change  in  the  personnel  nor  addition  to  the  scant  equipment  of 
this  station,  -which  can  hardly  be  called  an  observatory,  has  been  made 
since  last  report. 

Snn-spot  observations  have  been  continued  throughout  the  past  year, 
and  many  spots  have  been  recorded.  The  new  variable  star  t  Cephei  has 
been  observed  a  few  times,  and  the  space  between  j9  Polaris  and  e  C(m- 
siopeio!  was  freqaeutly  searched  for  other  variables.  In  the  course  of 
hap-hazard  searches  for  comets,  two  nebulie  were  found,  which  may  pos- 
sibly be  variable,  since  they  are  not  given  on  charts  and  lists  containing 
much  fainter  ones  not  visible  at  all  with  my  highest  magnifying  power 
of  50  times.  One  of  these  nebulae  is  located  in  approximate  E.  A.  21* 
21"  Dec.  +  11°  60*,  the  other  in  E.  A.  16''  15™  Dec  —  1°  22',  as  esti- 
mated by  the  eye  (unaided  by  position  circles)  from  neighboring  stars. 

Preparations  had  been  made  to  obser%-e  the  occultation  of  the  planet 
Mars  occurring  here  in  the  afternoon  of  March  17,  but  that  day  having 
been  cloudy  here,  the  observation  conld  not  be  made.  On  the  10th  of 
March  at  i^  20™  p.  m.,  after  having  found  that  planet  with  his  small 
transit,  and  knowing  its  exact  position,  viz:  Az.  S.  60°  B.,  Alt.  67°  18', 
the  director,  his  wife,  and  two  of  hia  children  could  distinctly  see  it  with 
the  naked  eye  in  bnHid  daylight. 

Many  meteors  and  several  extensive  zodiiical  lights  and  two  very  fine 
auroral  displays  have  been  recorded. 

During  December,  1330,  and  January,  1381,  many  extraordinary 
parheliie  and  lunar  halos,  and  on  several  occasions  similar  phenomena 
produced  by  the  planet  Venus,  also  have  been  observed  here. 

Kothing  beyond  short  notices  in  our  local  newspapers  and  an  occasional 
article  in  the  Fort  Dodge  Messenger  on  current  astronomical  events  of 
general  interest  has  been  pnblished  by  me  during  the  past  year. 

The  work  laid  out  for  the  present  year  consists  in  a  continuation  of 
the  former  miscellaneous  observations  and  the  si>ecial  observations  of 
the  local  time;  of  ihe  following  phenomena: 

1.  Beginning  of  the  partial  eclipse  of  the  sun.  May  27, 1881. 

2,  The  various  pbases  of  the  total  eclipse  <^  ike  moon,  June  11,  in- 
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eluding  the  occultations  of  b  Ophinchi  by  the  partially-eclipsed  moon, 
and  of  c*  Ophiuchi  by  the  totally-ecUpsed  moon. 

3.  The  first  and  second  contacts  at  ingress  of  the  transit  of  Mercmy, 
ITovember  7. 

4.  Close  approaches  of  planets  to  prominent  stars. 


Gboegbtown,  District  of  Columbia, 
Observatory  of  Georgetown  College. 


Longitude  from  Washington,  6».2  W. 
Ijatitude,  38°  54'  26".2  N. 

(») 


Glasgow,  Soicard  County,  Missouri. 
Morrison  Observatory. 

Longitude  from  Washington,  l"-  3"  5" .93  W. 

Latitude,  39°  IC  16".75  N. 

Authority  for  latitade  and  longitude:  Longitude,  exchange  of  clock 
signals  with  the  Naval  Observatory  in  June  and  July  last,  5  nights- 
Latitude,  from  circompolar  stars  observed  on  meridian  circle. 

Director:  C.  W.  Pbitchbtt. 

Assistants:  1.  H.  S.  Peitchett,  in  charge  of  meridian  drete. 
2.  0.  W.  Peitchett,  jr. 
Instbumbkts  : 

[a)  Meridian  circle:  one;  makers,  TEonGHTON  &  Stuns;  diameter 
of  circles,  34  incbee;  divided  to  5';  read  by  4  microscopes  tol";  aperture 
of  objective,  6  inches;  for  observations  of  the  sun,  aperture  employed, 
4  inches ;  magni^ng  power  ordinarily  employed,  200  diameters. 

[c)  Dquatorial  instrument:  makers,  Ai,yAN  Clabk  &  SOKS;  aperture 
of  objective,  12J  inches;  magDifying  powers  of  eye-pieces,  50  to  1200. 

(/)  Chronograph:  one. 

{g)  Clock:  sidereal;  maker,  Ghables  Feodsham,  London. 

(A)  Chronometer :  sidereal;  maker,  T-  S-  &  J-  !>■  Negus,  New  Tork. 

(i)  Miscellaneous:  Altazimuth,  by  L.  P.  Casella,  London;  comet: 
seeker,  by  Alta»  Claee  &  Sons. 

(^SEBVATioHS  DUBING  THE  PAST  TEAS  (from  January  1, 1880, 
to  January  1, 1881): 

(a)  Observations  for  time;  comparison  stars;  systematic  work  de- 
feired  for  a  time. 

(o)  {&)  Observations  of  double  stars;  micrometrio  measures  of  pairs 
specially  needing  observations ;  observations  of  planets  and  come|& 
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(i)  Meteorologies  observations  made  three  times  each  day.  A  time- 
ball  is  dropped  daily  at  Kansas  City,  105  miles  west  of  the  observatM'y, 
at  mean  noon  of  Kansas  Oity.  Clock  sigualx  are  also  sent  to  the  Union 
Depot,  Kansas  City,  daily  at  1  p.  m. 

WOBK  PBOFOSBD  FOR  THE  COMING  YEAR  (1881)  : 

1.  Contiunatiou  of  the  donble-star  measares. 

2.  Continuation  of  the  obseryations  of  planets  and  comets. 

3.  Such  meridian  work  as  our  time  may  allow  and  our  wants  may 
require. 

Peimoipal  publications  op  the  obseevatoet: 

0.  W.  .PaiTOHBTT:  Bed  spot  on  Jupiter;  published  in  Mouthly 
Notices. 

O.  W.  Peitchett:  Method  of  observation  of  red  spot  on  Jupiter; 
published  in  Astr.  Nach. 

H.  S.  Peitchett:  Discussioa  of  measures  of  diameters  of  Mars; 
published  in  Astr.  Nach. 

H.  8.  Peitchett:  Discussion  of  observation  on  red  si)ot  on  Jupiter; 
published  in  Froc.  Am.  Assoc. 

H.  8.  Peitchett:  Observations  comet  (^);  published  in  Astr.  Nach. 

H.  S.  Peitchett:  Observations  comet  (e);  published  in  Astr.  Nach. 


Hanotee,  Qrafton  County,  New  Hampshire. 

Shattrick  Observatory. 

Longitude  from  Wasliington,  19"  3'.56  E. 

Latitude,  43°  42'  15".2  N. 

Authority  for  latitude  and  longitude,  Prof.  C.  A.  YoUHu. 

Direci&rs :  C.  A.  Young,  1853 ; 

Chaeles  F.  Emerson,  A.  M.,  1878. 
Assistants:  1.  George  Otis  Mitchell; 

2.  Dana  Chase  Babbee  ; 

3.  Sidney  Bates  Cady. 

Founded  in  1853,  through  the  liberality  of  G.  Shattuck.    GooslBts 
of  a  west  rotunda  and  three  additions.    It  has  double  brick  walls  and 
an  air-chamber  with  a  space  of  six  inches  (0°'.1G)  between  the  walls. 
Insteumbhts  : 

(a)  Meridian  circle:  makers,  Teoughton  &  SiMMS;  diameter  of 
circle,  30  inches ;  divided  to  5' ;  read  by  reading  microscopes  to  1',  and 
micrometers  to  single  seconds ;  aperture  of  objective,  4  inches ;  mag- 
nifying power  ordinarily  employed,  120  diameters. 

(c)  Equatorial  ijtstrument :  makers,  Alvan  Claek  &  Sons;  aper- 
ture of  objective,  9.25  inched ;  magnifying  powers  of  eye-pieces,  100  to 
1200,  20  in  number. 
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{d)  Spectroscopes:  large  9-]jrUm  Clark  spectroscope;  seven  prisiu, 
donble  actiug  (equivalent  to  13  prisms),  fitting  equatorinl  mentioueU 
above. 

(/)  Chronograph :  Bond's  spring  governor. 

{g)  Chcka:  oae  meaa  time;  makers,  U3 zschneidbb  &  Fravex- 
noFEB,  connected  with  vbronograpb :  one  sidereal ;  makers,  Utz- 
SCHNEISEB  &  Mahlkr,  of  MuDicIi,  Connected  with  chronograph. 

(i)  Miscellaneous :  Comet  seeker,  aperture  3.6  inches,  moanted  on 
large  tripod ;  small  portable  telescope,  aperture  3  inches ;  zenith  sector, 
loaned  by  Coast  Survey,  aperture  4  inches ;  full  set  of  cominoo  meteoro- 
logical apparatus,  including  a  recording  barometer ;  sextant  by  IIardy, 
of  London. 

Observations  during  ins  past  tear  : 

(a)  For  time  and  latitude. 

(d)  Class  illustration  on  reversal  of  lines,  and  for  prominences. 

(i)  Meteorological  observations  3  times  per  day;  snu-spot  ob8er^■a■ 
tions  since  September  1,  1879. 

Work  proposed  for  the  coming  tear  (1881) : 

Similar  work,  with  special  attention  to  sun  spots,  prominence,  &c., 
and  spectroscopic  observalions. 


Hastings,  Westchester  County,  Neic  York. 
Private  Observatory, 

Longitude  from  Washington,  12"  42*.7  B. 

Latitude,  40°  59'  25"  N. 

Authority  for  latitude  and  loDgitude:  Coast  Survey, 

Director :  Henry  Draper. 

Assistant:  A.  HOFBAITER. 
Instruments: 

(ft)  Meridian  transit  instrum<mt:  makers,  Stackpolb  &  Brother  ; 
aperture,  2  inches ;  magnifying  power,  45  diameters. 

(c)  Equatorial  instruments:  one  reflector,  28  inches  aperture,  made 
by  Henry  Draper;  (c*)  one  refractor,  11  inches  aperture,  by  Alvan 
Clark  &  Sons,  with  photographic  corrector. 

{d)  Spectroscopes .-  1  difiraction,  1  stellar  photographic,  1  automatic, 
&c. 

(/)  Chronograph :  one  made  by  Henry  Draper. 

(«7)  Clock :  one  mean  time ;  maker,  Howard. 

(A)  Chronometers:  one  mean  time;  maker,  Nkgus:  one  sidereal; 
maker,  Negus, 

(t)  Miscellaneous :  Altitude  and  azimuth  reflector  of  15^  inches  aper- 
ture. 

S.  Mis.  .31 41  u,j ,,,  ;j  t,  L-OOglC 
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OBSEiiVAiiONB  DtTBiNG  THE  PAST  YEAR    (from  January  to 
December) : 
(c)  Stellar  spectrum  pbotographs,  with  28-incli  reflector  of  a  LyrtE,  a 
Aguila,  a  Bootis,  a  Soorpionis,  Capella,  Jupiter,  Maxs,  &c. 

(c)  (&)  Photographs  of  the  nebula  in  Orion,  with  11-inch  photogrsphio 
telescope,  the  first  ever  taken,  and  requiring  an  exposure  of  51  minutes. 

WOEK  PROPOSED  FOR  THE  COaUNG  TEAR   (1881)  : 

Oontinuation  of  the  above,  with  a  series  of  experiments  in  physics  as 
bearing  on  astronomy,  in  the  new  astro-physical  laboratory  in  New  York ; 
the  latter  experimoots  especially  directed  to  the  presence  of  the  non- 
metals  in  the  sun  The  town  laboratory  is  iurnisbed  with  a  siderostat 
with  9J-iDch  minor,  a  gas  engine  of  4-hor8e  power,  4  dynamo-electrie 
machines,  iudnution  coils  aod  spectroscopes,  &c.,  suitable  for  the 
research. 


HA.YERPORD  College,  Montgomery  County,  Pennsyltania. 
Haverford  OoUege  Observatory. 

Longitude  from  Washington,  6"  69*.33  B. 

Latitude,  40©  V  36".5  N. 

(Triangnlations  from  United  States  Coast  Survey  stations  give; 

Longitude,  5^  1'  11".62 ;  latitude,  40°  1'  49".73.) 

Director :  Isaac  Shabpless. 
•     Asaittant :  William  Bishop. 
Insteusibhts  : 

{a)  Meridian  circle:  one;  diameter  of  circles,  26  inches;  divided  to 
15';  read  by  4  microscopes  to  2";  ai»ertnr6  of  objective,  4  inches 

[c)  Equatorial  instrvment :  makers,  Henry  FiTZ,  re- worked  by  Clark; 
ai)erture  of  objective,  8J  inches  j  magnltying  powers  of  eye-pieces,  60 
to  800. 

(/)  Chronograph :  Bond's  magnetic. 

{g)  Clocks:  one  sidereal;  maker,  LmcENS :  one  sidereal;  maker,  Har- 
per ;  mercurial  compensation. 

{i)  Zenith  instrument:  aperture,  2J  inches:  ryuvenated  by  Fauth 
&  Co.,  and  to  be  set  up  as  soon  as  addition  is  built  to  observatory,  to 
determine  our  latitode. 

Observations  during  the  past  tear  (fr^m  9  mo.,  1st,  1880,  to 
3  mo.,  Ist,  1881} : 

[a)  Time  observations. 

(c)  (&)  Phenomena  of  Jupiter's  satellites;  occultations  by  moon; 
double-star  measures. 

Work  proposed  fob  the  coming  tear  {1881-'82)  : 

Continuation  of  the  above. 
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Hudson,  Summit  Count}/,  Ohio. 
Hudson  Observatory. 

LoDgitHde  from  Washington^  17"  32'.06  W. 

Latitnde,  41°  14'  42".6  N. 

Aathority  for  latitude  and  longitude :  Professor  Elias  Looms,  LL.  D. 

Director,  Charles  J.  Smith. 
Insteumbnts  : 

(a)  Meridian  circle:  one;  maker,  Simms,  of  LondtHi;  diameter  of 
circles,  18  inches;  divided  to  5';  read  by  3  microscopes  to  1";  aperture 
of  objective,  3  inches. 

Sguatorial  instrument :  one;  maker,  Simms;  axjertare  of  objective,  4 
inches;  magnifying  powers  of  eye-pieces,  60,  100,  150,  250,  350. 

Cloek:  sidereal;  maker,  Molinbux;  mercurial  pendulum. 
Obsbevations  DTJEUja  the  past  teae  : 

Xo  systematic  course  of  observations  pursued.  Instruments  used 
only  for  purposes  of  instruction. 


Iowa  City,  Johnson  County,  Iowa. 

Private  Observatory. 

Longitude  from  Washington,  57°  52'  W. 
Latitude,  41o  39'.8  N. 

Aathority  for  latitude  and  longitude:  Observations  made  at  the- 
observatory  during  the  past  eleven  years. 
Director:  C.  W.  Ieish. 
Assistants :  Mrs.  C.  W.  iBisn ; 
Miss  Lizzie  Ibish; 
Miss  Ruth  Ibish  ; 
Dr.  0.  M.  HoBBX. 
Instbuments  : 
(6)  Meridian  transit  instrument:  a  small  one  ma<Je- by  the  director 
faimself;  aperture,  one  inch;  magnifying  power,  1 1  diameters. 

(c)  Equatorial  instrument:   maker,  Chevaleeb,  Paris;  aperture  of 
objective,  4  inches ;  magnifying  powers  of  eye-pieces,.  25  to  300. 
(/)  Chronograph :  a  Morse  register. 

((/)  Clock:  one  meantime;  beating  three-qtuiuiter  seconds:  of  German 
miike. 

WOEKPEOPOSED: 
Observation  of  the  coining  transit  of  Mencni^y,  if  business  occupa- 
tions permit. 
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Lawbekoe,  Douglas  County,  Kansas. 

Observatory  connected  mth  Kansas  State  Vmversitij. 

Longitude  from  Washington,  l*"  12"  47'.9  W. 
Latitude,  38°  67'  15"  N. 

Authority  for  latitude  and  longitude ;  Fbbd.  W.  Babdwull,  late 
professor  of  astronomy,  Kansas  State  University. 
Director :  H,  S.  S.  Smith. 

INSTEUMENTS: 
>{b)  Meridian  transit  instrmnent:  makers,  Stackpolb  Bbos.;  aper- 
ture, 2^  inches. 

{g)  Clocks ;  one  mean  time ;  makers,  E.  Howabd  &  Co.,  Boston 
(medium):  one  sidereal ;  maker,  Bbocebanss,  London  (old). 

{h)  Chronometer :  _  sidereal  j  makers,  T.  S.  &  J.  D,  Negus,  New  York 
(good). 

(i)  Miscellaneous:  Sextant,  by  Gambex ;  comet-seeker,  6-incli  object 
glass. 

Obsebvatiohs  dubimg  the  past  teae: 
(6)  {b')  Time. 
{i)  Instruction. 

WOEK  PEOPOSED  FOE  THE  COMING  YEAB  ^1881)  : 
Time  observations  and  instruction. 


LiNWOOD,  Hamilton  County,  Ohio.  ' 

Private  Observatory. 

Longitude  from  Washington, 1 

Latitude, 1 

Situated  about  one  mile  E.  by  S.  from  Cincinnati  Observatory. 
Director:  E.  H.  McClueb. 

INSTEUMENTS : 
(c)  One  equatorial  silvered  glass  Newtonian  reflector.    Diameter  of 
the  concave  reflecting  objective,  Scinches;  maguifyingiiowersofthe  eye- 
pieces, 60, 100,  and  200  diameters.    The  mirror,  tube,  and  mounting  all 
constructed  by  Mr.  McCltjeb  himself. 

Obsebvatiohs  dueing  the  past  teab  (from  February  8  to 
November  30, 1880) : 
(c)  Sun-spots,  FaoultB,  Jupiter,  Saturn,  &c.     Special  attention  given 
to  Jupiter,  of  which  a  few  rough  sketches  were  made. 

WOBK  PEOPOSED  FOE  THE  COMING  YEAB  (1881): 

Same  as  above;  will  also  observe  the  transit  of  Mercury.  Will  at- 
tempt to  make  a  mirror  of  larger  aperture,  if  the  time  can  be  spared 
from  regular  avocations. 


t,L.ooglc 


BEPOHTS  OP  ASTBONOMICAL   OBSERVATORIES.  645 

Madison,  Dane  Count}/,  Wisconsin. 
The  Washburn  Observatory. 

Longitude  from  WashiDgton,  49"  25'.8  W. 

Latitude,  43°  4'  3C".7  N. 

Authority  for  latitude  and  longitude:  A  pier  of  the  United  States 
Coast  and  (Jeodetic  Survey,  about  500  feet  from  the  observatory,  has 
been  connected  by  a  triangulation  with  the  transitrroom,  and  the  posi- 
tion given  refers  to  the  center  of  the  transit  circle. 

Director:  Bdwaed  S.  Holdem. 

Assisiawts:  S.  W.  BUEMHAM; 
G.  C.  COMSTOCK  J 
F.  W.  WmKLET. 

The  main  Observatory  consists  of  a  dome  for  the  equatorial,  which  is 
mounted,  of  a  transit-room  now  ready  for  the  Eepsold' circle,  and  of  a 
director's  room.  A  library  and  additional  rooms  are  now  building,  a^ 
an  east  wing  to  the  main  building.  A  small  student's  observatory,  built 
by  Professor  Watson,  contains  a  transit  room  for  the  Fauth  transit,  and 
a  dome  large  enough  for  an  8-inch  equatorial.  The  Watson  Solar  Ob- 
servatory is  still  unfinished.  The  building  will  probably  be  finished 
during  the  year. 

INBTEXTMENTS : 

The  following  will  be  ordered  in  1881 : 

{a)  A  meridian  drele ;  maker,  Repsold  &Bbother,  Hamburg)  diam- 
eter of  circles,  about  30  inches;  divided  to  2';  read  by  4  microscopes  to 
1".  Aperture  of  objective,  4.8  inches;  for  observations  of  the  sun,  ajwr- 
ture  employed, —  inches;  magnifying  power  ordinarily  employed, — 
diameters. 

The  following  instruments  have  been  ordered : 

(6)  Meridian  transit  instrument:  makers,  Fatjth  &  Co.,  Washing- 
ton; aperture,  3  inches;  magnifying  power,  fiO and  120 diameters.  This 
will  have  two  12-lnch  cii-cles  divided  on  the  edges:  one  circle  to  10", 
the  other  for  setting  only.     The  fine  circle  has  a  le\el  for  latitude. 

[c)  Equatorial  instrument:  makers,  Alvan  Clabk  &  SoKs;  aper- 
ture of  objective,  15.5  inches;  magnifying  poweis  of  eye- pieces,  145  to 
1200. 

(/)  Chronograph:  a  chronograph  by  Fauth  &  Co.,  with  a  conical 
pendulum,  is  provided. 

(g)  Clocks:  onemean  time;  makers,SETH  ThomAsClockCompany; 
one  sidereal ;  maker,  HoHwn,  of  Amsterdam. 

(A)  Chronometers:  one  sidereal,  maker,  Bliss,  No.  2786;  one  sidereal 
break-circuit,  Bliss,  No.  2791. 

Obseevations  dueing  the  past  yeab  (from  January,  1880,  to 
January,  1881) : 

{c)  A  coast  survey  transit  (since  removed)  was  used  in  the  prime  ver- 
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tical  on  one  night  by  Mr.  Gomstook,  and  tlie  latitude  of  a  pier  40 
feet  north  of  the  tranBit  circle  piera  waa  found  to  be  +  43°  4'  37".77  ± 
0".61. 

Work  proposed  for  the  doming  year  (1881): 

Tlie  equatorial,  with  Messrs.  Holden  &  BuRnnAiii  as  obBervers,  will 
begin  a  series  of  zone  observations  on  the  plan  of  Herschel's  sweeps. 
The  3-inuh  transit  will  be  used  by  Mr.  CoHSTOCK  for  time  observations, 
and  Polaris  and  the  Suu  will  be  observed  at  every  culmination  with 
time  stars. 

Additional  information  ; 

It  is  hoped  to  commence  the  printing  of  the  publications  of  the  Wash- 
burn Observatory  during  the  year.  ISo.  1  will  be  a  description  of  the 
Observatory  and  its  history  up  to  January  1,  1881,  together  with  the 
Reduction  Tables  prepared  by  the  late  director,  Professor  Watson. 
Ko.  II  will  contain  Bomham's  General  Catalogue  of  Double  Stars.  ISo. 
I  of  the  Contribution  has  already  been  printed,  and  contains  a  list  of 
new  nebnlffi  and  double  stars. 


Mount  Hamilton,  Santa  Clara  County,  California. 
Lick  AatroTiomictU  Department  of  the  University  of  CaK/omta. 

Longitude  from  Washington,  2"  68"  14».6  W. 

Latitude,  37°  21'  3"  y. 

Director :  Not  yet  appointed. 
Instruments  : 

In  process  of  construction. 

Work  proposed  for  the  coming  tear  (1881): 

Erection  of  small  Observatory  to  accommodate  the  Draper  12-inch 
equatorial  (Clark  &  Sons)  and  time  instruments  {Fattth).    These  are 
to  be  set  up  by  Professors  E.  S.  Holden  and  S.  W.  Burhham  in  Octo- 
ber, and  used  to  observe  the  transit  of  Mercury. 
Additional  information  : 

From  the  report  made  to  the  tmstees  of  the  James  Lick  Trust,  by 
Prof.  8.  W.  BuBNHAM,  the  following  information  is  gathered  respecting 
the  situation  and  elevation  of  Mount  Hamilton,  upon  which  the  Lick  , 
Observatory  is  to  be  erected: 

"The  city  of  San  Jos^,  the  nearest  point  of  railroa<l  connection  Item 
Mount  Hamilton,  is  50  miles  south  of  Sao  Francisco.  Mount  Hamilton, 
by  the  highway,  is  26  miles  trom  San  JostS,  nearly  east,  and  is  reached 
by  a  good  road  constructed  two  or  three  years  since  by  the  "county  of 
Santa  Clara.  In  order  to  keep  the  grade  within  the  limit  of  six  feet  in 
oue  hundred,  the  last  portion  of  the  road  is  carried  up  the  ridges  of  the 
mountain  by  a  circuitous  route.  The  distance  between  the  observatory 
and  San  Jos^,  in  an  air-line,  is  only  13  miles. 
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"  The  approximate  geographical  of  the  Observatory  Peak  is :  Longi- 
tude, 1210  36'  40"  W. ;  latitude,  370  21'  3"  N. 

"The  elevation  of  this  poiot  is  4,260  feet  alwve  the  level  of  tlie  sea. 
The  north  peak,  ^rhich  is  about  three-fonrths  of  a  mile  distant,  is  140 
feet  higher.  There  is  a  ridge  between,  along  which  is  a  good  trail  f:oii- 
necting  the  two  i>eaks.'  l^e  sides  of  the  mountain,  iu  most  directions, 
are  very  steep,  and  form  an  acute  angle  at  the  summit.  The  view  from 
the  peaks  is  unobstructed  in  every  direction,  there  being  no  higher 
groand  within  a  radios  of  100  miles.  In  this  connection  the  report  of 
Meuare.  Herrnkann  Bros.,  the  engineers  who  surveyed  the  road,  will  be 
of  interest : 

" 'The  scope  of  the  horizon  from  Monnt  Hamilton  takes  in  more  grOHUd,^ 
according  to  Prolessor  Whitney's  judgment,  tiiau  almost  any  similar 
peak  in  the  Uniteu  States,  there  being  no  obstruction  to  the  view  from 
any  quarter.  It  is  remarkably  &ee  from  fogs  and  clouds,  as  we  had 
ample  occasion  to  observe  during  our  last  winter's  stay  on  the  mountain 
when  locating  the  road.  The  bearings  of  the  most  notable  objects  are 
as  follows,  the  distances  being  taken,  when  out  of  our  county,  from  our 
most  reliable  maps : 

Mount  Loma  Prieta S.  35°  5*  W.,  lOJ  miles. 

MountThayer S.  51°  18' W.,  19|  " 

MonntPoncher 9.  38°  35' W.,    6  " 

Block  Mountain 8.87°       W.,  27J  " 

Mount  Tamalpais N.  61°  'iO*  W.,  6C  " 

Mission  Peak N.  47°  55' W.,  16  " 

MountStory  N.  25©  45' W.,  lOJ  " 

Mount  Diablo ..- N.  21°  45' W.,  39J  " 

Mount  Sautana S.  37°    *   E.,    35  " 

Murphy'aPeak 8.    6°   5' W.,15  " 

''  'None  of  these  points  reach  the  altitnde  of  Mount  Hamilton.  Of 
those  within  a  radius  of  20  miles  the  Loma  Prieta  reaches  3,S00  feet; 
Thayer  3,650,  and  Block  Mountain  2,800.  All  the  rest  are  betweeu 
1,500  and  2,500  feet.    Of  the  fiirther  peaks  Mount  Diablo  is  3,856.' " 


MouMT  Lookout,  .Hamilton  County,  Ohio. 
Cincinjiati  Observatory. 

Longitude  from  Washington,  29"  29'.33  W. 

Latitude,  39©  8'  20"  N. 

Authority  for  longitude:  Washington  Observations  for  1877,  Ap-p^^, 
dii  IV.  For  latitude:  preliminary  reduction  of  uupublisUed  obs^^.^^ 
tions. 

U,j,,,;Jt,L.OOglC 


648  REP0ET8  OF  ASTRONOMICAL   0B8EEVAT0EIES. 

Directors:  O.  M.  Mitchel,  1842; 
H.  TWITCHEL,  1853; 
W.  Davis,  1854 ; 
C.  ABBE,  1859 ; 
Oemond  Stone,  1875. 
Aaaiatant:  Hbebbet  A.  Howe.  j 

Students :   H.  V.  Egbeet, 

A.  S.  Flint. 
Founded  in  1842  bya  society  established  for  the  purpose.    The  ground 
was  donated  by  Nicholas  Longwoeth.     A  new  observatory  was 
erected  in  1870.    It  owns  an  equatorial  by  Mbbz  and  Mahlee,  with 
lui  aperture  of  11.8  inches=0°'.30, 

INSTEUMBNTS  : 

(6)  Meridian  transit  instrument:  mahpra,  Buff  and  Beegee;  aper- 
ture, 3  inches ;  magnifying  power,  IflO  diameters. 

(c)  Uquatorial instruments:  onemadebyTJTZSCHNElDERandFEAUEN- 
HOFER;  finished  by  Mebz  &  Mahler;  object-glass  re-figured  by  Al- 
VAN  Glare  &  Sons;  aperture  of  objective,  llj  inches;  magnifying 
powers  of  eyepieces,  90  to  1400.  (c*)  One  by  Altah  Clark  &  Sons; 
aperture,  4  inches;  magnifying  powers,  15  to  250, 

(/)  Chronograph :  Bond, 

{g)  Clocks:  two  mean  time;  makers,  BOBEET  MOLTNEUS,  Jasies 
Ritchie  &  Son. 

(ft)  Chronometer:  sidereal;  makers,  William  Bond  &  Son. 

{«')  Miscellaneous:  Magnetic  theodolite ;  maker,  Gambey,  Sextant; 
makers,  Stacefole  &  Bbothee.  Inclinometer,  time-ball,  telegrapiiic 
apparatus,  &c. 

Obseevations  dueing  the  past  yeae  (from  September  1, 
1879,  to  September  1, 1880} : 

(E>)  Determination  of  time  and  latitude. 

(c)  Micrometrical  measurements  of  double  stars.  Observations  of  suu- 
spota.  Determinations  of  positions  of  comets  Hartwig  and  Pechiile. 
(c')  Approximate  determinations  of  positions  of  stars  south  of  23°  of 
south  declination.     (Continuation  Argelander's  Durchmnsterung.) 

WOEK  PEOPOSBD  FOE   THE   COMING  YEAB  (1881): 

Continuation  of  Durchmnsterung  south  of  23°  of  south  declination. 
Principal  publications  of  the  observatory  dub.ing  the 
YBAE  1880: 
Oemond  Stone  :  Micrometrical  measuremeutsx>f  1,054  double  stars, 
vol.  V,  Publications  of  Cincinnati  Observatory, 


Nashville,  Davidson  County,  Tennessee. 
Private  Observatory. 
Longitude  from  Washington,  38"°  56"  W. 


Latitude,  36°  10*  01"  N. 
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Authority  for  latitude  and  longitude,  United  States  Coast  Survey. 

Director :  E.  E.  Barnard. 
Instruments: 

(c)  Equatorial  instrument:  a  simple  equatorial;  aperture  of  object- 
ive, 5  iuches ;  magnifjiDg  powers  of  eye-pieces,  52  t^  520.  (</)  A  small 
2J  inches  alt-azimuth  telescope  with  good  rack-work;  all  the  eye-pieces 
of  large  telescope  fit  it. 

(t)  Miscellaneous  :  la  use  also  a  small  instrument.  The  base  of  this 
instromeut  is  divided  to  degrees  and  read  by  vernier  to  3'  of  arc  An 
upright  pUlar  carries  a  semi-circle  of  altitude ;  this  is  divided  to  degrees 
and  read  to  3'  of  are  by  a  vernier.  Attached  to  the  semi-circle  of  alti- 
tude is  an  hour-circle  divided  to  4*°  of  time  and  road  to  single  minutes 
by  vernier.  Upon  the  hour-circle  rests  a  semicircle  of  declination 
divided  to  degrees  and  read  to  3'  of  are  by  vernier.  On  the  base  are  two 
levels,  the  instrument  being  leveled  by  three  adjusting  screws,  which 
also  serve  as  feet.  The  declination  semi-circle  carries  a  very  small  tel- 
escope about  .4  inch  diameter  of  objective.  The  telescope  has  a  diago- 
nal eye-piece  with  utetal  reflector  and  single  lenses  and  vertical  and 
horizontal  hairs.  The  instrument  was  made  by  W.  &  8.  Jones,  London. 
It  is  used  for  identifying  stars  in  comet  observations  by  setting  the  alti- 
tude semi-circle  for  the  latitude,  thereby  converting  the  instrument  into 
an  equatorial. 

Observations  dubing  the  past  teae  : 

(e)  (t')  Observations  of  the  planets  and  comets. 
Work  proposed  foe  the  coming  ytjae  : 

Continuation  of  the  work  of  last  year. 

PEINCIPAL   publications  of   the  OBSERVATORY  DTJBIHG  THE 
YEAE: 

The  only  publications  have  been :  Letters  to  the  EngUsh  Mechanic 
(London),  Science  (of  New  York),  &c. 
Additional  inforsiation  : 

Observations  have  been  from  June,  1880,  to  January,  1881.  These 
observations  have  consisted  chiefly  in  watching  the  changes  on  Jupiter ; 
getting  positions  of  comets,  and  making  drawings  of  Saturn.  From 
July  11  to  January  7  about  fifty  transits  of  the  great  red  spot  on  Jupiter 
recorded  and  some  seventy-flve  sketches  and  drawings  made  of  the  con- 
figuration of  his  surface.  Transits  of  a  number  of  spots,  &c.,  on  Jupiter 
also  observed.  One  black  transit  of  Satellite  III  and  four  dark  (brown- 
ish) transits  of  Satellite  1  also  noted. 

A  very  good  set  of  drawings  made  of  the  remarkable  black  spots 
which  broke  out  just  north  of  Jupiter's  great  equatorial  band,  in  the 
iatter  part  of  October  (1880).  These  drawings  show  the  remarkable 
transformations  of  these  spots  until  their  finally  encircling  the  planet 
with  a  beautiful  scolloped  belt. 

The  comets  of  which  positions  have  been  obtained  are  Swift's  tthe 
first  position  of  this  comet  on  October  21),  and  Pechiile's. ■ '  '^■'-^'^^^l^' 
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S'EW  Haten,  New  Saven  County,  Conneetieut. 
Winchester  Observatory  of  Yale  College, 

Longitnde  fjrom  Washington,  0"  16-°  30*.l  E. 
'  Latitude,  41o  ly  36".5  N. 

Aathority  for  latitude:  Zenith-t«]eacope  obaerratioDS  in  1857-'58. 
See  Am.  Jonr.  of  ScL,  vol.  30,  p.  52.  Second  series.  (Coast  Siirvey  lati- 
tude 41°  18' 40".67.) 

Authority  for  longitude ;  "United  States  Coast  Survey. 

President  of  board  of  managers:  C.  S.  Lyman. 

Astronomer  in  charge  of  horological  bureau :  Dr.  LeonABD  Waujo. 

Assistant  astronomer :  William  Beebee. 

Founded  in  1830.  Several  instruments  were  presented  by  Mesers. 
Sheldon  and  W.  Eillhousb. 

Directors:  E.  LOOMIS,  1831 ; 

D.  OlIiISTEAd,  1S36  \ 
C.  S.  Lyman,  1847. 
Inbtbitments  : 

{a)  Meridian  circle:  makers,  Ertbl  &  SoNS,  1846.  Formerly  the 
property  of  the  U.  S.  Naval  Observatory.  Altered  by  William  J. 
Young,  1855,  and  regraduated  1876.  Diameter  of  circles,  40  inches; 
divided  to  2' ;  read  by  six  microscopes  to  1" ;  aperture  of  objective,  3,8 
inches;  for  observations  of  the  euu,  aperture  employed,  1.7  inches; 
magnifying  power  ordinarily  employed,  190  diameters ;  focal  length, 
58.2  inches. 

(6)  Meridian  transit  instruments :  one  made  by  C.  S.  Lyman,  of  SC-incb 
focal  length ;  aperture,  2.6  inches ;  magnifying  power,  185  diameters. 
Circle,  12  inches,  reading  to  10"  by  verniers;  it  has  declination  microm- 
eter and  fine  level,  for  use  as  zenith  telescope,  made  in  1852-'53 :  cue 
by  TsouGHTON  &  SIMMS,  London ;  aperture,  3.99  inches ;  magnifying 
l>ower,  150-200  diametersj  focal  length,  5.108  feet,  (b')  Combined 
transit  and  zenith  telescope,  of  36-inch  focal  length ;  aperture,  2.6  inches; 
power,  185  diameters;  12-inch  circle,  reading  to  10"  by  verniers;  decli- 
nation micrometer  and  sensitive  level  for  latitude  work ;  made  in  1852-'56 : 
object-glass  by  Fitz,  design  and  moanting  by  C.  S.  Lyman. 

(c)  Equatorial  instruments:  makers,  Altan  Clabk  &  Sons;  aper- 
ture of  objective,  9  inches ;  magnifying  powers  of  eye-pieceS,  40, 80, 110, 
200,  280,  450,  620.  (ef)  Portable  48-inch  refractor  by  Messrs.  Clabk  & 
Sons. 

(d)  Spectroscope:  by  A.  Clabe  &  Sons,  of  7  prisms  twice  traversed. 
(/)  Chrimographs :  one  by  A.  Claek  &  Sons,  with  conical  pendulum 

governor;  another  by  William  Bond  &  Son,  Boetou,  with  Bond's 
spring  governor. 

{g)  Clocks:  one  mean  time;  made  by  E.  Howabd  &  Co.,  Boston; 
one  by  William  Hillhotjsb,  New  Haven :  one  sidereal;  by  William 
Bond  &  Sow,  Boston;  one  by  Appleton,  London;  one  by  E.  How- 
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(A)  Chronometers:  one  pocket  chronometer,  mean  time;  by  Johnson, 
London:  one  sidereal;  by  Poole,  London,  improved  by  Negus,  New 
York. 

{i)  Miscellaneous:  Two  bifllar  position-micrometers,  one  by  Dollond, 
the  other  by  Fauth  &  Co.,  Washington,  D.  C. ;  a  patent  sextant  and 
a  patent  reflecting  circle,  by  PiSTOE  &  Maetins,  Berlin ;  repeating 
relays,  sounders,  &c.,  for  time  service.  Yale  College  hEis  also  in  use  a 
5-inch  10-foot  refractor  by  Dollond;  a  sidereal  clock  and  a  20-inch 
transit  instrument,  in  charge  of  Professor  LOOMIS. 

The  horological  bureau  is  a  department  of  the  Winchester  Obser^'a- 
tory,  organized  in  January,  1880,  with  a  special  equipment  of  instru- 
ments  for  a  regular  and  extended  public  time  service.  The  standard 
time,  by  law  of  the  State,  is  that  of  the  meridian  of  the  city  hall,  New 
York,  which  is  4™  19',6  slow  of  New  Haven,  and  12™  10'.5  fast  of  Wash- 
ington. Another  important  work  of  the  bureau  is  the  testing  of  watches 
and  chronometers  in  the  interest  of  the  watch  manufacture,  for  which 
hot  and  cold  closets  and  other  special  facilities  are  provided. 

There  is  also  connected  with  the  Observatory  a  thermometrical  bureau, 
in  charge  of  Dr.  Waldo,  for  the  verification  of  clinical  and  other  ther- 
mometers. It  is  amply  furnished  with  the  best  standards,  apparatus  of 
comparison,  and  other  &cilities  for  this  work.  About  1,000  thermome- 
ters have  been  tested  in  the  last  six  montbe. 

A.  Repsold  &  Sons,  of  Hamburg,  are  constructing  for  the  Observa- 
tory a  heliometer  of  6  inches  aperture  and  embodying  the  latest  improve- 
ments.   It  is  to  be  finished  during  the  year  1881. 

Obseevationh  during  the  past  yeae(1880): 

(o)  Besides  the  regular  time-service  and  the  thermometrio  work,  a 
series  of  observations  has  been  made,  with  interchange  of  the  observ- 
ers, for  determining  telegraphically  the  diflference  of  longitude  between 
Cambridge  and  New  Haven,  the  observers  being  Prof.  William  A. 
Rogers,  of  Cambridge,  and  Dr.  Waldo,  of  New  Haven. 

WOEK  PROPOSED  FOE  THE  COMING  YEAE  (1881-'82): 

The  regular  time  and  thermometric  service,  and  the  erection  of  a 
building  for  the  heliometer,  with  preparation  for  observing  the  approach- 
iug  transit  of  Yenus,  and  for  other  work  with  this  instrument. 


Nbwington,  Hartford  County,  Gonneotieut. 

Private  Observatory. 

Longitude  from  Washington,  21"  26'  E. 
Latitude,  41^  44'  0"  N. 

Authority  for  latitude  and  longitude :  Difference  from  Hartford  Btate- 
house,  Coast  Survey. 
Director:  D.  W.  Bdgeoomb. 


t,L.ooglc 


652  eep0ht8  of  astronomical  observatories. 

Insteuments  : 

(c)  Equatorial  instrument:  Makers,  A.  Clark  &  Sons;  apertnre  of 
objective,  9.4  inches;  magoifyiiig  powers  of  eyepieces,  varions  up  to 
2,000. 

{g)  Clock:  Meantime;  Swiss  regulator,  seconds. 
VI.  Additional  infoematiok: 

Tliis  Observatory  consists  of  a  small  frame  building,  with  dome  13 
feet  6  iucbes  diameter,  upon  the  grounds  of  the  owner,  coveting  an 
equatorial  telescope.  The  latter  rests  upou  a,  granite  pedestal,  weigh- 
ing about  1,500  pounds.  The  mounting  is  by  Young,  of  Philadelphia, 
and  is  of  the  best  workmanship.  The  declination  circle  is  13  inches  in 
diameter,  reading  by  verniers  to  10  seconds  of  arc.  The  hour  circle  is 
10  inches  diameter,  reading  by  verniers  to  4  seconds  of  time.  The 
graduations  are  upon  silver.  The  object-glass,  tube,  and  finder  are  by 
A.  Clark  &  Sons.  The  aperture  of  the  object-glass  is  9.4  inches,  with 
a  focal  length  of  121  inche; ,  and  is  without  doubt  the  finest  specimen 
of  the  skill  of  Mr.  Alvan  Claek.  Under  the  most  rigid  tests,  its 
figure  is  found  to  approach  very  closely  to  absolute  perfection.  It  is 
shown  also  by  the  vision  it  gives  of  the  closest  double  stars  and  the 
fiiintest  companions  to  bright  stars  hithertfl  discovered.  Among  the 
former,  J-*  Andromedw,  i  CtMsiopeoe,  and  i;  Goronw  in  its  present  position 
may  be  mentioned,  and  of  tHe  latter  class,  the  companions  to  ;•  Lyrw, 
C  Aquilke,  e  and  p  Eydrw,  the  star  closely  following  the  attendant  to 
Regulus,  and  under  very  favorable  circumstances  the  2"  companion  to 
e  Goronw.  The  instrument  has  been  used  tor  general  observations  of 
the  stars,  moon,  and  planets,  other  occupations  preventing  the  owner 
&om  carrying  on  at  present  any  more  regular  work. 


New  WmDSOE,  Mercer  Coun^,  Illinois. 
Observatory. 

Longitade  from  Washington,  53"  40*  W.,  approximately. 

Latitude,  41°  13'  H".,  approximately. 

Authorities  for  latitude  and  longitude :  Director's  own  observation, 
and  from  longitade  of  government  arsenal  at  Kock  Island,  111. 

IHrector:  EDGAR  L.  Laekin. 

Permanent  Observatory,  brick  pier,  and  revolving  dome. 
Insteuments  : 

(c)  Equatorial  instrument:  makers,  Alvan  Clabe  &  Sons;  aper- 
ture of  objective,  6  inches ;  magnifying  powers  of  eye-pieces,  27,  60, 130, 
250,  300,  000,  with  prism  and  solar  eye-piece.  Two  of  the  eye-pieces  are 
Gundlach's  peris  cop  ic. 

(g)  deck :  sidereal ;  ordinary  clock. 

(i)  Miscellaneous:  Planisphere,  charts,  maps,  and  catalogues.       i 
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Observations  during  the  past  year  (from  Jaauary  5, 1880, 
when  telescope  was  mouuted,  to  February  23, 1881) : 
(c)  With  high  powers,  doubles  and  variables ;   also  observations  on 
planets  and  on  the  sun,  daily. 

Work  proposed  for  the  comimg  year  (1881) : 
Variables,  and  comet  seeking ;  also,  searching  for  nebulae. 

Principal  publications  op  the  observatory  during  the 

YEAR: 

Edgar  L.  Larkin  :  Motion.  Published  in  Kansas  City  Review,  vol. 
iv,  p.  177. 

Edgar  L.  Larkin  :  Meteor  Kotes.  Published  in  Science  Observer, 
Boston,  No.  28,  p.  27. 

Current  newspaper  articles. 


New  York,  Sew  York. 

Columbia  College  Observatory. 

Longitnde  from  Washington,  16°  29»,9  B. 
Latitude,  41°  18'  36".5  N. 
Director:  — : — T 


New  York,  J^ew  York. 
Private  Observatory. 

Longitnde  from  Washington,  12"  15».47  E. 

Latitude,  40°  43'  48".53  N. 

Authority  for  latitude  and  longitude:  United  States  coast  surveying 
party  (1859),  with  zenith  telescope  npou  24  pairs  of  stars,  and  telegraphic 
communication  with  Washiugton  and  Cambridge. 

Director :  L.  M.  Eutherfued. 

Assistant :  D.  C.  CHAPMAN. 
Instruments  : 

(ft)  Meridian  transit  instrument :  maker,  Staoepole  ;  aperture  3 
inches.    Only  nsed  for  time. 

(c)  Equatorial  instrument:  makers,  Messrs.  Euthbrpurd  &  Fitz; 
aperture  of  objective,  13  inches.  The  telescope  has  been  employed 
mbstly  in  photographing  the  sun,  moon,  and  groups  of  stars. 

(/)  Chronograph:  MORSB. 

(j7)  dock :  sidereal ;  maker,  Dent. 


ny  Google 
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NoETHPrELD,  Bice  County,  Minnesota, 
Carleton  College  Astronomical  Observatory. 

Longitude  from  Waahington,  X''  i"  23'.85  W. 

Latitude,  44°  27'  40".77  N. 

Authority  for  latitude :  zeuith,  telescope  observations  of  40  pairs  of 
stars  reduced  to  apparent  places  from  Safford'a  catalogue. 

Longitude  depends  on  exchange  of  telegraphic  signals  between  Coast 
Survey  Office  at  Saint  Pau!  and  director  at  Northfleld. 

JMrector:  William  W.  Paywb. 

Assistant:  C.  W.  Bekbs. 

Completed  in  1878.    Attached  to  Carleton  College  central  building, 
0  meters  long,  surmounted  by  a  dome,  with  two  wings,  one  used  for 
meridian  instruments,  the  other  for  the  library. 
IWSTEUMBNTS  : 

{b)  Meridian  transit  instrument:  makers,  Messrs.  Fauth  &  Co.;  aper- 
ture, 3  inches;  maguifying  powers,  60,  70,  and  80  diameters. 

(c)  MJqitatorial  instntm^its:  makers,  Messrs.  A.  Clabk  &  Sons;  aper- 
ture of  objective,  SJ  inchesj  magnifying  powers  of  eye-pieces,  50,  100, 
200,400,800.  (c')  Portable  equatorial:  maker,  John  Bvene  of  New 
York;  aperture  of  objective  4.3  inches. 

(/)  Chronograph :  one,  made  by  A.  Clabk  &  Sons, 

(g)  Clocks:  one  mean  time;  makers,  Messrs.  E.  Howaed  &  Co.,  Xo. 
196:  one  sidereal;  makers,  Messrs.  E.  Howaed  &  Co.,  No.  195. 

(A)  Chronometer:  sidereal;  makers,  Messrs.  Bond  &  Sons,  No.  374. 

{*)  Miscellaneous :  The  Observatory  has  been  favored  by  the  loan  of  a 
good  zenith  telescope  for  several  months  from  Lieut.  Edward  Maguieb, 
chief  engineer  in  the  department,  with  headquarters  at  Saint  Paul.  The 
large  equatorial  is  provided  with  micrometer,  with  a  full  battery  of  eye- 
pieces. 

Obsebvations  dubing  the  past  tbab: 

Class  instructions  and  instrumental  errors. 

{a)  Transit  used  for  time  observations.  Aailroad  time  is  given  at  12 
o'clock,  noon,  to  the  Northwestern  Telegraph  Company  for  railroad  com- 
'  panics  of  this  and  adjoining  States. 

(ft)  Our  time  signal  daily  goes  over  1,285  miles  of  wire. 

(c)  {cf)  Micrometrical  measures  of  double  stars.  Positions  of  comets 
and  asteroids. 

{&)  Small  equatorial  devoted  to  class  instruction  entirely. 

(t)  Determination  of  latitude  and  longitude  of  the  Observatory. 

WOEK  PEOPOSBD  FOB  THE  COSHNG  YEAB  (1881): 

1.  Time  observations. 

2.  Other  work  essentially  as  given  above. 

Additional  inpormatiok  : 
Printed  matter  firom  the  Observatory  has  eopaisted  of  articles  for  the 
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daily  papers  of  Saint  Paul,  Minneapolis,  and  Chicago.  The  Observa 
tory  having  no  funds  for  pnblication  purposes,  could  do  nothing  in  this 
way  thus  far. 


(Near)  Oxford,  Lafayette  County,  Mississippi. 
Observatory  of  University  of  Mississippi. 

Longitude  from  Washington,  49™  55".03  W. 

Latitude,  34°  22'  12".C4  N. 

Authority  for  latitude  and  longitude :  E.  B.  Fdlton. 

THrector  :  R.  B.  Fultok. 

The  Observatory  was  erected  in  1876. 
Instruments  : 

(a)  Altitude-azimuth:  makers, LEHEBOURS&SRCRBTAn;  diajneterof 
circles,  10  inches;  divided  to  KK;  read  by  4  microscopes  to  10";  aper- 
ture of  objective,  1^  inches. 

{b)  Meridian  transit  instrument:  makers,  B.  Pike  &  SONS;  aperture, 
2^  inches. 

(c)  Equatorial  instrument:  maker,  Merz,  of  Munich;  aperture  of 
objective,  4^  inches;  magnifying  powers  of  eye-pieces,  96  (4)312  diameters. 

(d)  Spectroscope:  Kirohofp's  4- prism  table  spectroscope. 
(g)  Clock:  mean  time;  matters,  Ritchie  &  Sons,  Boston. 

(/()  Chronometer:  sidereal;  makers,  "Willi A3i  Bond  &  Son,  Boston. 

Work  proposed  for  the  coming  tear  (1881): 
Determination  of  variation  of  magnetic  needle  in  various  places  in 
this  State. 


Phelps,  Ontario  County,  Neio  York. 

Red  House  Observatory. 

Longitude  from  Washington  12'  W. 
Latitude,  420  58'  IS. 
IHreclor:  Wjluam  K.  Brooks. 
Assistant :  Mrs.  Brooks. 

Instruments  : 
(c)  A  silvered-glass  reflecting  telescope  of  5  inches  aperture  and  60 
inches  focal  length,  mounted  as  a  l^ewtonian  on  alt-azimutli  stand.    A 
2-inch  reflector,  36  inches  focus.    Both  made  by  the  director. 
(j7)  Clock:  meantime;  makers  unknown;  marine. 

Observations  during  the  past  year  (from  January  1, 1880, 
to  January  31,  1881) : 
(a)  Sun-spots  were  observed  with  the  6-inch  reflector  on  Febraary  6, 
8,  9,  22,  24 ;  March  18  and  31 ;  April  7, 12,  and  28  (veiy  larw  smip) ; 
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May  1,  3, 11;  September  12,  largest  group  for  many  years,  equal  to  J  of 
tbe  sun's  diameter ;  October  3,  aud  December  4,  Drawings  were  made 
of  the  most  remarkable  spots. 

Hartwig's  comet  was  observed  on  October  2,  the  evening  of  the  day 
of  announcement ;  also  on  October  .3,  4,  5,  6,  7,  8,  9,  and  10.  On  3d 
instant  it  was  in  tlie  same  field  with  Alphecca.  Swift's  comet  was 
observed  November  .5  and  26,  December  4.  Owing  to  dense  clouds 
Pennule's  or  Pechiile's  comet  was  not  seen  until  December  31,  when 
it  was  (Quickly  picked  up  with  2-inch  achromatic  in  E.  A.  19''  59" 
S".  Dec.  19^^  23'.     It  was  also  seen  January  1, 1881 ;  January  2, 19,  and  20. 

Preparations  were  made  to  observe  the  occultation  of  Mars,  March  17, 
but  clouds  prevented ;  also  the  partial  eclipse  of  sun  December  31,  but 
observations  were  again  frustrated  by  clouds. 

Work  peoposed  foe  the  coming  yeab  (1881): 

Mainly  comet  seeking;  solar  phenomena  and  the  planets  will  also 
receive  attention. 

Additional  information: 

Descriptive  articles  on  Haetwig's,  Swift's,  and  PE';HtJLE's  comets  of 
1880,  also  remarkable  solar  spots,  have  been  published  in  one  or  more 
of  the  following  papers:  "Scientific  American,"  "Science  Observer," 
"Science,"  "Rochester  Democrat  and  Chronicle,"  " Geneva  Courier," 
"  Phelps  Citizen." 


Philadelphia,  Pennsylvania. 

Central  High-School  Observatory. 

Longitude  from  "Waahington,  7™  33'.64  E. 
Latitude,  39o  57'  7".5  IT. 
Director:  1 


PouQHKEBPSiE,  Dutcbess  County,  New  York. 
Vasaar  College  Observatory. 

Longitude  from  Washington,  12"  38'.6  E. 

Latitude  41°  41' 18"  N. 

Director ;  Mabia  Mitchell. 

Observatory  built  in  1878. 
Instruments  : 

(a)  Meridian  circle:  maker,  Young,  of  Philadelphia ;  aperture  of  ob- 
jective, 3|  inches. 

{e). Eqtiatorial  instrument:  object-glass  by  Clabe;  aperture  of  ob- 
jective, 12^  inches;  magnifying  powers  of  eye-pieces,  200  to  600+. 

(J)  Chronograph:  one. 
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(g)  Clock:  one,  sidereal;  makers,  Boim  &  Son. 
(k)  One t^ronometer :  meantime;  makers,  Bliss  &  Cskighton. 
(i)  Miscellaneous:  Small  telescopes;  one  by  OUlbe  &  Boss;  aper- 
ture, 3  inches. 

Obbebtations  dttbino  tiie  past  ybab  (item  1880  to  1881) : 
(a)  Observations  for  the  time. 
(e)  Observations  on  Satom. 

(()  The  snn  is  photographed  on  every  fine  day  at  noon. 
Wore  pboposed  fob  the  ooshnq  teas  (1881) : 
(a)  Observations  for  time. 
{&)  Observationa  on  planets,  especially  Satam. 
(i)  Observations  on  sun-spots. 


Peikceton,  New  Jersey, 
(^ervatories  of  the  College  of  New  Jersey. 

Longitude  from  Washington,  9"  34*.51  E. 

Latitode,  40°  20'  67".8  N. 

Director:  0.  A.  Yodko. 

The  Hai.8tei>  Observatory,  which  was  bnilt  ia  1870,  bat  never 
equipped,  is  being  put  in  order  for  the  reception  of  the  great  equatorial 
of  23  inches  in  diameter.  This  magnificent  instrument,  which  is  pro- 
vided for  by  the  liberal  subscriptions  of  friends  of  the  college,  is  in  pro- 
cess of  construction  by  the  Clabes  at  Cambridge]  lort.  The  object-glass 
is  completed,  and  ia  a  very  fine  one;  the  mounting  is  well  under  way, 
and  unless  something  nnexpected  occurs  the  instrument  will  be  in  posi- 
tion before  Januaet  1,  IS83.  The  telescope  will  be  occapied  at  first 
mainly  with  stellar  spectroscopy;-  and  a  spectroscope  is  being  con- 
stmcted  for  it  by  Hilqeb,  of  London,  onder  the  kind  anpervision  of 
Mr.  Ohbistib,  of  the  Greenwich  Observatory. 

The  Observatory  of  the  John  0.  Green  Schooi,  of  Science,  which 
was  erected  and  provided  with  instruments  in  1877,  lemains  salistan- 
tially  unchanged.  A  new  3-incB  tnmsit,  by  Fauih  was  mounted  in 
the  west  room  in  1870,  and  the  Atceioo  transit  was  transferred  per- 
manently to  the  prime  vertical.  A  reflecting  circle  by  Pistor  &  Mar. 
TINS  baa  alao  been  added,  and  a  taU  set  of  meteorological  inatruments. 

The  principal  employment  of  this  Observatory  and  of  Professor 
Young  is  in  giving  instruction  in  practical  astronomy;  a  little  sciontlBc 
work  has,  however,  been  accomplished.  During  the  winter  of  1878-'70  a 
telegraphic  connection  with  Washington  was  effected,  and  six  nights' 
observations  put  tbe  Princeton  meridian  circle  9°  34*.  64  ±  0*.02  east  of 
the  Obaerratoiy  dome  at  Washington.  During  1870  and  1880  five  inde- 
pendent series  of  latitude  determinations  have  been  made  hj  two  dif- 
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ferent  observers,  Mr.  M.  McI^eill  and  Mr.  A.  S.  Flint,  with  throe 
different  instrnments,  the  Kahlkb  tranBit  and  the  Fauth  transit  (used 
as  zenith  teleticopes),  and  the  prime  vertical.  The  results  agree  re- 
markably well,  all  giving  the  latitude  between  40°  20'  57".76  and  40°  20' 
57".  81.  The  final  result  is  40°  20'  67".79  ±  0".  04.  In  November,  1879, 
a  series  of  micrometrical  observations  were  made  npon  the  planet  Mars 
with  the  0^-iuch  equatorial,  for  the  purpose  of  fixing  its  polar  compres- 
sion. The  redaction  of  the  observations  gives  ^1-^  for  the  value  of  this 
quantity:  a  result  surprisingly  accordant  with  that  deduced  theoreti- 
cally by  Adams,  on  the  supposition  that  the  law  of  density  of  the  planet 
is  not  very  different  from  the  earth's.  Both  satellites  were  readily  seen 
with  the  instrument,  and  this  fact,  with  many  others,  goes  to  show  that 
the  telescope,  the  object-glass  of  which  it  will  be  remembered  has  the 
Gaussian  curves,  is  oue  of  the  best,  if  not  the  best,  of  its  size  in  exist- 
ence. 

Occasional  spectroscopic  observations  have  been  made;  especially  a 
minute  examination  of  the  70  dark  lines  in  the  solar  spectrum  given  by 
Angstbom  and  Thalbn  as  belonging  to  the  siwctra  of  two  or  more 
metals  in  common ;  indicating,  according  to  Mr.  Lockteb's  ideas,  the 
existence  of  some  common  constituent  in  the  metals  concerned,  and  so 
tending  to  show  them  to  be  really  non-elementary.  The  examination 
was  made  in  the  summer  of  1881  with  an  apparatus  of  urprecedented 
dispersive  power,  consisting  of  a  Rxtthebfubd  grating  of  17,000  lines 
to  the  inch,  and  collimator  and  telescope  of  about  4  feet  focus.  As  a 
result,  d6  lines  of  the  70  were  found  to  be  distinctly  double  or  multiple; 
7  were  doubtful,  generally  because  they  could  not  be  certainly  iden- 
tified, and  7  appeared  to  be  single;  3  of  the  7,  however,  while  shown 
on  the  map  as  common  to  iron  and  some  other  metal,  are  not  so  given 
in  Thalen's  tables.  On  the  whole,  it  is  clear  that  the  facts  brought 
out  do  not  favor  Logkybe's  hypothesis. 

Oue  remarkable  solar  prominence  was  observed  in  October,  1881, 
which  in  an  hour  reached  an  elevation  of  350,000  miles— the  highest  yet 
on  record. 

The  spectra  of  several  c«mets  have  been  observed,  and  some  series  of 
observations  have  been  made  upon  their  places  which  have  been  of  use 
In  computing  their  orbits.  A  few  donble-star  measures  have  been 
taken;  and  observations  were  made  upon  the  transit  of  Mercury  in 
1878,  the  solar  eclipse  of  last  December,  and  sundry  occnltations. 

The  solar  eclipse  of  1878  was  observed  at  Denver  by  an  expedition 
sent  out  from  Princeton,  under  the  direction  of  Professors  Beackett 
and  YoxjNCf,  and  its  results  were  duly  published  in  the  American  Journal 
of  Science. 

Besides  the  members  of  the  college  classes,  several  others  have 
availed  themselves,  for  a  longer  or  shorter  period,  of  the  opportunities 
at  Princeton  for  the  study  of  practical  astronomy. 
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PEOVrDBHCB,  Providence  County,  Shade  Island. 
Seagraze  Observatory, 

Longitude  from  Washington,  22™  34'^1  B. 

Latitude,  iio  49*  46".40  N. 

Authority  for  latitude  and  longitude:  United  States  Coast  Survey 
and  ourselves,  F.  E.  Seagrave  and  Leonaed  Waldo. 

JXrector:  F.  E.  Seageave. 
Instruments: 

{c)  Eguatorial  instrument:  one  equatorial;  makers,  Altan  Glabk  & 
Soi<8;  aperture  of  objective,  SJ  inches;  magnifying  powers  of  eye- 
pieces, 93, 121, 184,311,  571;  negattveSjSlS,  116,  230,  335,  375j  positive 
eye-pieces  achromatic,  248. 

{(?)  Spectroscope :  one  by  Beowhihg,  which  consists  of  4  whole  and  2 
half  prisms  of  60°;  flint  glass;  gives  a  dispersive  power  of  ten  prisms 
by  reflection. 

Chronometer:  ^dereal;  maker,  VtcToa  Kullberg,  London. 

Observations  dubino  the  past  yeah  {from  June  20,  1880,  to 
December  31, 1880) : 

1.  Observations  of  61  Cyj;nt  from  June20, 1880,  to  December  31, 1880, 
for  the  purpose  of  determining  the  amount  of  its  proper  motion. 

2.  Observations  of  a  few  of  Bubnham's  doable  stars. 

3.  A  few  observations  of  the  position  angles  and  distances  of  the 
satellites  of  Saturn. 

Work  proposed  foe  the  coming  teae  (1881): 
It  is  proposed  this  year  to  select  some  star  in  the  northern  hemisphere 
(as  near  the  pole  as  possible)  that  has  a  large  proper  motion,  and  select^ 
two  or  three  smaller  stars  that  are  in  the  same  field  of  vision,  and  meas- 
ure the  distance  and  position  angles  of  them  from  the  large  star,  for  the 
purpose  of  determining  the  amount  of  proper  motion,  and  possibly  its 
parallax. 

ADDCnOKAI.  INFOBMAnON: 
It  is  also  intended  to  observe  the  satellites  of  Saturn  daring  the  next 
opposition,  and  measure  the  distances  and  position  angles  of  the  small 
stars  next  Mars  during  the  opposition  of  December,  1881. 


BiVEEDALE,  Ifew  Torb  County,  Kew  Tork. 

Longitude  from  Washington  — 
Latitude  — 

Not  yet  determined,  owing  to  the  recent  removal  of  the  Observatory 
from  Fordham  to  Riverdale. 
i^trcctor,- William  Meieleham. 
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INSTRUMEHTS: 

(c)  Equatorial  inatrument :  maker,  John  Bybne,  of  New  York ;  ap- 
erture of  objective,  i^  inches;  focal  distance,  65  inckes;  magDli^ing 
powers  of  eye-pieces,  20,  30,  45,  60,  SO,  160,  250,  300,  350,  and  450;  also 
an  amplifier,  which  doubles  each  of  these  powers  when  nsed.  Attached 
to  the  telescoiie  is  a  finder  of  1}  inches  aperture,  magnifying  20  diame- 
ters. Bight  ascension  circle  divided  to  read  to  4  seconds  of  time;  dec- 
lination circle  divided  to  read  to  1'  of  arc.  Both  circles  divided  on 
silver  and  read  by  microscopes  attached  thereto.    Driving-clock. 

(d)  Spectroscope :  one. 

{g)  Clock:  mean  time;  maker,  Seth  Thobias,  Soks  &  Oo. 

(i)  Misoelianeous !  Filar  micrometer;  divided  on  silver  to  measnre  0".3 
of  arc  in  distance  and  6'  in  position,  with  suitable  eye-pieces  and  illn- 
minating  apparatus. 

Obseevatiohs  duhing  the  past  teae: 

No  observations  have  been  systematically  made  during  the  year  ending 
January  1, 1881,  owing  t«  the  removal  of  the  observatory  and  the  con- 
seqaeut  confusion  arising  therefrom. 


ISooHEBTEE,  Monroe  Countj/,  New  Tork. 
Warner  Observatory. 

Longitude  from  Washington,  3""  8*  W. 

Latitude,  43°  9  17"  N. 

Authority  for  latitude  and  longitude :  Signal  Service  officer. 

Director:  Lewis  Swift. 
iNeiEUMENTS: 

(c)  Equatorial  instrument:  makers,  Alt  AN  Clabe  &  SoTfS  (con- 
structing) ;  aperture  of  objective,  16  inches ;  magnifying  powers  of  eye- 
pieces, from  45  to  2000.  {&)  Altitude-azimuth,  4^^  inches,  by  Fitz; 
powers  from  25  to  432.  Telescope  4^<inch  refractor,  origiually  by  FiTZ, 
but  since  last  report  the  flint  lens  of  the  objective  was'  unfortunately 
brokea;  it  has  been  replaced  by  Altan  Claek  &  Sons.  Its  i>erform- 
ance,  which  was  always  good,  appears  to  be  rather  better  than  before 
the  accident. 

OBSEEVATION8  DUEINO  THE  PAST  TEAE: 

The  work  done  during  the  past  year  has  been  a  repetition  of  that  for 
several  years  past,  viz,  comet  seeking  and  observing  those  discovered 
by  others.  Tbe  nebalss  observed  and  beietofoie  overlooked,  which, 
however,  are  very  few  in  number,  have  been  also  carefully  recorded  on 
star  charts.  This  facilitates  the  prompt  detection  of  a  comet.  Hnch 
caution,  however,  is  necessary  not  to  announce  and  especially  not  to 
cable  the  discovery  of  a  comet  where  no  motion  has  been  detected. 
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Tlie  year  1880,  aod  thus  far  in  1881,  have  been  retnarkable  as  the 
most  unfavorable  for  such  work  for  many  years  past. 

On  October  10-11,  about  midnight,  another  new  comet  was  discovered. 
Althongh  no  positive  motion  was  detected  in  two  boars' watching,  firom 
a  strong  sospioion  that  it  was  a  comet,  the  discovery  was  telegraphed  to 
four  astronomers  widely  separated,  in  the  hope  that  some  one  of  them 
would  be  fortunate  enough  to  have  a  clear  sky,  and  be  able  to  secure  an 
early  observation  before  the  moon  would  interfere.  Only  one,  Professor 
Boss,  of  the  Dudley  Observatory,  succeeded  in  flndiug  it,  and  fortunately 
he  obtained  the  first  position  of  it  that  conld  be  used  in  computing  its 
orbit.  On  the  evening  of  the  lltb,  as  soon  as  twilight  had  disappeared 
and  in  presence  of  a  half  moon,  it  was  re-observed  and  immediately 
cabled,  but  owing  to  moonlight  it  was  not  discovered  in  Europe  until 
October  26.  The  comet  though  large,  was  very  faint,  and  proved 
to  be  identical  with  comet  III,  1809  (Tempsl),  which  adds  another  to 
the  list  of  periodic  comets.  It  was  for  some  time  a  question  whether 
its  period  was  11  or  5J  years.  A  thorough  discussion  of  all  the  observa- 
tions during  its  present  and  last  observed  apparition  by  Prof.  S.  0, 
Ghandleb,  jr.,  and  also  by  others,  proves  beyond  all  doubt  that  its 
period  is  a  little  less  tban  5J  years. 

The  Warner  Observatory  is  not  yet  completed,  though  worfe  on  it  is 
progressing  satisfactorily,  and  it  will  be  ready  for  occupancy  in  early 
autumn.  The  telescope,  a  16-inch  re&actor  by  the  GLABEg,  is  nearly 
completed. 

Additional  ikpoemation: 

The  Warner  Observatory  has  Issued  the  following  circular: 

TO  A3IERI0AN   ABTRONOUEBS. 

EocHESTEE,  H.  r.,  January  6,  1881. 

Learning  that  the  Imperial  Academy  of  Sciences  of  Vienna  has  wii  b- 
drawn  its  offer  of  a  gold  medal  valued  at  $C0  for  the  discovery  of  comets, 
and  being  desirous  that  the  search  for  them  should  not  be  abandoned, 
I  hereby  oflFer  for  every  such  discovery,  subject  to  the  conditions  which 
follow,  the  sum  of  $200  in  gold  as  a  prize,  to  be  known  as  the  Warner 
Safe  Remedy  Prize. 

Condition  1. — The  comet  must  be  unexpected  and  telescopic,  except- 
ing only  the  comet  of  1812,  which  is  expected  to  reappear  during  the 
coming  year. 

Condition  2. — The  first  discovery  must  be  made  in  the  United  States 
or  Canada. 

Condition  3. — Immediate  notification  by  telegraph  must  be  made  to 
Prof.  Lewis  Swift,  of  Rochester,  director  of  the  Warner  Observatoi^, 
who  will  cause  the  same  to  be  cabled  to  Europe,  and  will  also  send 
notification  to  astronomers  in  this  country  by  special  circular  or  asso- 
ciated press  dispatches. 

Condition  4. — ^The  telegram  must  give  the  time  of  discovery,  the 
position,  direction,  and  daily  rate  of  motion  with  sufficient  exactness  to 
enable  at  least  one  astronomer  to  find  it. 

Condition  6. — In  the  event  of  any  dispute  which  may  arise  regarduig 
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priority  of  claim  or  non- conformity  witli  the  conditions  named,  tlie  de- 
cision shall  be  referred  to  Prof.  Asaph  Hall,  of  the  Naval  Observatory, 
Washington,  D.  U.,  and  Prof.  C.  A.  Young,  of  Princeton  Observatory, 
and  their  decision  shall  be  final. 

The  above  ofier,  unless  previously  renewed,  will  espire  January  1, 
1882. 

H.  H.  Warnee. 


Saint  Louis,  Missouri. 
Observatory  of  Washington  Universitg. 

Longitude  from  Washington,  52"  37'.02  W. 

Latitude,  38°  38'  3".64  K 

Anthority  for  latitude  and  longitude :  A  pier  about  150  feet  away  from 
the  observatory  pier  was  located  by  Haekness  and  EmBECK  (1870).  A 
survey  was  made  from  that  pier  to  the  new  one. 

JHrector:  J.  K:  Rees,  1877. 
Instruments: 

{b)  Meridian  transit  instrument:  maker,  Wukdbmann  j  aperture,  2.65 
inches;  magnifying  power,  90  diameters,  with  micrometer  attachment. 

(c)  Equatorial  instrument:  maker,  H.  FITZ,  of  New  York  City;  ap- 
erture of  objective,  CJ  inches;  magnifying  powers  of  eye-pieces,  76, 125, 
190;  305,  and  456  diameters.  {c')Finder:  2xSti  inches  aperture;  magni- 
fying power,  23  diameters. 

{d)  Spectroscope:  one  single  prism  BeownxnCt  spectroscope. 

(e)  Photometer  and  other  subsidiary  apparatus :  filar  position,  microm- 
eter attached;  clock-work  for  moving  telescope, 

(17)  Clock:  meantime;  common  tower  clock. 

(ft)  Chronometer:  meantime;  makers,  (1)  Dent  No.2749,  (2)  Blaokie 
No.  789. 

(i)  Miscellatieous :  Sextant,  by  Blunt,  of  New  York  City. 


South  Bethleheu,  Pennsylvania. 

Sayre  Observatory  of  Lehigh  University. 

Longitude  from  Washington,  6"  lO'.lS  E. 

Latitude,  40°  36'  23" .89  N. 

JHrector:  C.  L.  DOOLITTLB. 

Foonded  in  1877,  in  connection  with  Lehigh  University. 

INSTRUMBHTS: 
(e)  Equatorial  instrument :  makers,  Claek  &  Sons  ;  aperture  of  ob- , 
jective,  6  inches ;  magnifying  powers  of  eye-pie«es,  12  to  225. 
(g]  Clock:  sidereal;  makers.  Bond  &  Son. 
(i)  MiscellaTieous :  A  portable  transit  instmment  by   Stacefole,  a 
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zenith  telescope  by  Blunt,  and  a  prismatic  sextant  by  Pistok  &  Mae- 
tin. 

Obseetatioms  during  the  past  yeab  : 
Besides  the  work  of  instruction,  the  principal  work  of  the  Observatory, 
has  been  a  series  of  measurements  of  position  angles  and  distances  of 
Jupiter's  satellites,  and  of  their  eclipses. 

WOEK  PBOPOSBD  FOE  THE  COMING  TBAE  (1881)  : 

Observations  of  Jnpiter  will  be  kept  up,  with  sach  attention  to  comets 
as  cirvumstances  will  permit. 


South  Hadley,  Maasacbttaetts. 
Observatory  at  Mount  Rolyoke  Seminary. 

Longitude  from  Washington, 1 

Latitude, 1 

Through  the  liberality  of  Mr.  A.  L.  Williston,  of  Jforthampton,  the 
seminary  has  recently  been  enabled  to  erect  a  small  but  very  complete 
astronomical  Observatory,  supplied  with  all  the  necessary  instruments. 
It  is  designed  to  furnish  the  means  for  instmction  to  any  who  may  wish 
to  make  the  subject  a  specialty,  and  to  give  opportunity  to  any  of  the 
teachers  or  post-graduates  who  may.take  an  interest  in  astronomy  to 
make  observations  of  real  value. 

The  building,  of  wood,  consists  of  a  tower  with  a  dome  18  feet  jn 
diameter,  flanked  by  two  wings,  one  extending  to  the  east  and  one  to 
the  north.  The  dome  is  very  light,  and  rotates  so  easily  that  even  the 
feeblest  of  the  young  ladies  can  manage  it  without  difficulty.  The  ar- 
rangements for  oi>ening  and  closing  the  shutters  which  cover  the  slit  in 
the  dome,  and  the  openings  for  the  traniiit  and  prime  vertical  instrument, 
are  worked  with  equal  facility.  In  the  dome  is  mounted  a  fine  8-inch 
equatorial  by  Cla&k,  completely  fitted  out  with  clock-work,  finding- 
,  clock,  micrometers,  spectroscope,  solar  eyd-pleoe,  &c.,  and  so  arranged 
that  the  circles  can  be  read  and  the  clamps  a^nd  tangent  screws  worked 
from  the  eye-piece  of  the  instrument. 

The  object-glass  is  almost  entirely  the  work  of  the  senior  Alvan 
Claek,  and  is  one  of  the  most  perfect  speteimens  of  his  art. 

In  the  transit-room  is  mounted  a  meridian  circle  by  Fauth  &  Co.,  of 
Washington.  The  instrument  has  a  telescope  of  3  inches  aperture,  and 
circles  of  10  inches  diameter,  reading  to  seconds  by  two  microscopes. 
It  has  a  reversing  apparatus,  and  is  fitted  with  a  "  latitude  level"  and 
micrometer,  so  that  it  can,  if  desired,  be  used  as  a  zenith  telescope.  A 
large  collimator  is  mounted  upon  a  pier  south  of  It,  and  in  a  comer  of 
the  room  is  a  clock  with  Denison  escapement,  also  by  Fauth  &  Co.,  as 
is  the  chronograph,  which  is  mounted  in  an  adjoining  closet.  The  Ob- 
orvatory  possesses  also  a  sextant  and  artificial  horizon  and  a  set  of 
B meteorological  apparatus.  -  /    OOQ\c  ' 
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There  is  no  inBtrament  in  the  prime  vertical  room  (which  is  used 
mainly  aa  a  waiting-room  or  for  recitations),  but  it  is  provided  with  a 
pier  atid  shatter,  so  that  the  meridian  circle  can  be  set  up  there  if  it  is 
eier  thought  desirable  to  make  obserratioos  in  that  plane. 

The  bailding  and  its  equipment  have  cost  not  tax  from  $10,000. 

C.  A.  Young. 


Tabettown,  Weatchester  County,  New  York. 
Private  Observatory. 

Longitude  from  Washingtou,  12"  47M6  E. 
Latitude,  410  04' 21"  N. 

Authority  for  latitude  and  longitude:  United  States  Coast  Survey. 
Director:   Chables  H.  Bucewell. 
iNSTEirUENIS : 

(c)  Equatorial  inathtmmt:  makers, — glass,  Dr.  C.  S.  Hastings; — 
monntiug,  John  Btbne  ;  aperture  of  objective,  6J  inches;  magnifying 
powers  of  eye-pieoes,  60,  112,  170,  243,  327,  409,  751. 
Additiohal  infoematiok: 

The  equatorial  has  been  mounted  in  a  new  observatory  12}  feet  diam< 
eter  of  dome.  A  chronodelk  for  f^ual  altitude  obser^'ations  has  been 
added  to  the  instruments  mentioned  in  previous  reports.  No  other 
changes. 


Teot,  Renaaelaer  County,  yew  York. 
Williams  Froudfit  Observatory. 

Longitude  from  Washington,  13"  27'.5  E.  (nearly). 

Latitude,  42°  43'  62"  N. 

Authority  for  latitude  anddongitude :  Latitude  determined  by  obser- 
vations with  the  zenith  telescope ;  longitude  by  electro- magnetic  signals 
from  United  States  Naval  Observatory. 

Director :  Professor  Dascom  Geeene. 

Assistant :  Falueb  C  Biceutts, 
Insteuments  : 

(b)  Meridian  transit  instruments:  one  made  by  E.  Kusel,  Washing- 
ton; aperture,  2.5  inches;  magnifying  power,  60  diameters:  (6')  one 
made  by  Phelps  &  Gu&ley,  Troy;  aperture,  2  ioches;  magnifying 
power,  30  diameters. 

(c)  Equatorial  instrument:  maker,  Henet  Fitz,  New  York;  aper- 
ture of  objective,  3.5  inches ;  magnifying  powers  of  eye-pieces,  45  to  200 


(g)  Clocks :  one  mean  time ;  maker,  Stoeell,  New  York ;  one  by 
HowAED,  Boston. 
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(h)  Chronometer :  sidereal ;  maker,  J.  Fletcher,  London. 

[i)  Miacelianeous :  Sextant;  Tboughton  &  Simms,  London. 

Obsbevatioks  during  the  past  tear  (fifom  September,  1879, 
to  September,  1880) : 

Besides  regular  transit  observations  for  time,  by  the  director  and 
assistants,  the  instruments  have  been  used  by  the  senior  class  of  the 
Bensselaer  Polytechnic  Institnt^  for  practice  in  astronomical  observa- 
tions. 

Work  proposed  for  the  cosung  year  (188ft-'81} : 

This  is  expected  to  be  similar  to  the  work  of  the  past  year. 


Washingtom,  District  of  ColumUa. 

United  Slates  Naval  Observatory. 

Longitude  fix)m  Greenwich,  5*  8"  13'.09  W. 
Latitude,  38o  53'  33".8  N". 
Directors :  M.  P.  Mauet,  1844; 

J.  M.  GiLLiss,  1861; 

C.H.  Davis,  1865; 

B.F.  Sands,  1867; 

Eear-Admiral  John  Eodgers,  17.  S.  N.,  1871, 
Aisistants :  1.  Prof.  A.  Hall,  ') 

2.  Prof.  W.  Harkness, 

3.  Prof.  J.  K  Eastman,    {-Professors,  U.  S.  Jfiiry. 

4.  Prof.  E.  S.  Holder, 
6.  Prof.  E.  Frisby,  \ 
6.  Mr.  A.  E.  Seinneb,      j  ... 

7-  Mr  H  W  Paul  '  Permanent    Assutant    Asiron- 


A 


8.  Mr.  H.  9.  Pritchett, 

9.  Mr.  J.  A.  EoGEES,  Temporarily  employed  in  photograpMo 

experiments. 
10.  Mr.  W.  F.  Gaednee,  Instrument-maker. 
Created  by  the  Navy  Department  in  1833.  Transferred  in  1843  to 
University  Square.  In  1872  it  came  into  possession  of  an  equatorial  of 
Alvan  Claek  &  Son,  32^  feet  (9='.9)  in  focal  length,  and  with  an  aper- 
ture of  26  inches  {0".65) ;  by  means  of  which  A.  Hall  discovered  the 
two  satelUtes  of  Mars  in  1877. 

INSTEUBIBKTS  : 

(«)  Meridian  circle:  one;  maters,  PiSTOE  &  MARTINS;  diameter  of 
circles,  43.40  inches;  divided  to  2';  read  by  4  microscopes  to  0".l;  aper- 
ture of  objective,  8.52  inches;  for  observations  of  the  sun,  aparture  em- 
ployed, 3  inches ;  magnifying  power  ordinarily  employed,  186  diameters. , 

(6)  Meridian  transit  instruments!  one  made  by  Ebtel  &  SON;  aper- 
ture 5.33  inches;  magnifying  powers,  85,  86, 106, 118, 162.     m  Eight 
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portable  traosits  and  zenith  telescopes  combined,  used  on  Transit  of 
Yeans  Expeditions. 

(c)  Equatorial  instruments:  one  made  by  Alvan  Glahe  &  Soss; 
apertnre  of  objective,  26  inches;  magnifying  powers  of  eyepieces,  126 
to  1600.  {&)  One  made  by  Mebz:  9.<)2  inches  aperture;  powers,  90  to 
900.  (e")  Eight  5ineh  eqnatorials  by  Alt  an  Claek  &  SONS,  used  on 
Transit  of  Venus  Expeditions. 

(e)  Photometer:  oue  nebnia-photometer  (Hastings'  pattern)  for  ubo 
^ith  the  26-inch  eqcatorial. 

(/)  Chronographs:  some  10  or  12  in  all,  of  various  kinds. 

(g)  CloeUs:  meantime,  two;  sidereal,  six. 

(h)  Chronometers:  mean  time;  all  the  chronometers  of  the  United 
States  Navy  are  kept  here.    Sidereal,  eight,  by  Nbqus. 
WOEK  PEOPOSED  FOE  THE  COMING  TEAK: 

The  same  as  in  fonuer  years. 
Additional  inpoemation  : 

[The  following  is  a  short  abstract  of  the  annual  report  of  the  Super- 
intendent of  the  Observatory  to  the  Chief  of  the  Bureau  of  Navigation, 
and  in  it  will  be  found  details  additional  to  the  information  presented 
above.— E.  S.  H.] 

■    United  States  Natal  Obsektatobt, 

Wtuhingttm,  October,  20, 1870. 
•  •  «  •  •  •  • 

The  2<a-ineh  equatorial. — This  instrument  lias  been  in  charge  of  Prof. 
Asaph  Hall,  with  Prof,  Edwaed  S.  Holden  as  assistant  until  Febru- 
ary, 1880;  since  which  time  Prof.  Edgae  Feisby  has  been  the  assistant. 
The  instmment  is  now  in  good  order,  and  it  is  in  constant  use.  It  has 
been  employed  as  in  previous  years  in  the  observation  of  satellites,  doa- 
ble stars,  and  nebula. 

The  tranHt  circle. — This  iDstrnmeut  has  been  employed  during  the 
year  under  the  direction  of  Pro£  J.  B.  Eastman,  who  was  assisted  by 
Prof.  Edwaed  8.  Holden  as  an  observer  siace  Ajiiil  1, 1880;  Pro£ 
Edgab  Feisbt  until  December  10,  1879 ;  Assistant  Astronomer  A.  N. 
Skinner  during  the  year ;  Assistant  Astronomer  II.  M.  Paul  until  his 
resignation,  July  1, 1880,  and  Assistant  Astronomer  IT,  S.  Pbitchett 
until  his  resignation,  February  1, 18S0.  Mr.  Miles  Rock  has  been  em- 
ployed as  a  temporary  assistant  astronomer  since  July  1,  1880 ;  and  Mr. 
William  C.  Winlock  has  beeu  similarly  employed  since  August  2, 1880. 
Mr,  WiHSLOW  Upton  has  been  employed  as  a  computer  since  July  16, 
1880.  Lieut.  E.  Lonrneckeb  and  Lieut.  A.  H.  Vail  have  been  employed 
in  reducing  transit-circle  observatiouB,  the  former  during  the  year  and 
the  latter  since  April  23, 1880. 

The  observations  have  been  confined  to — 

1.  Stars  of  the  American  ephemeris  for  clock  and  iustrnmental  cor- 
rections. 

2.  Sun,  moon,  major  aud  minor  planets. 

3.  Stars  whose  occultations  were  observed  in  connection  with  obser- 
vations of  the  transit  of  Venus  in  1S74. 

4.  Standard  stars  for  a  catalogue  of  zone  observations. 

5.  Such  stars  of  the  British  Association  catalogue  between  120°  W 
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and  131°  10'  "S.  P.  D.  as  hare  not  been  observetl  here  three  times  in 
both  right  asceDsion  and  decliDation. 

6.  Stars  used  in  observatioos  of  comets  with  the  26-ioch  aod  9.&iuch 
equatorial. 

7.  Stars  used  in  the  determiaation  of  latitude  by  the  United  States 
Coast  and  Geodetic  Survey,  the  Lake  Survey,  Capt.  G.  M.  Wheeler's 
Smrey,  and  by  Lieat.  Commander  F.  M.  Green  in  surveys  in  the  West 
Indies. 

The  whole  number  of  observations  made  with  the  transit  circle  since 
the  last  report  is  4,140.  Of  these  observations,  68  were  of  the  sun,  62 
of  the  moon,  li5  of  the  mt^or  planets,  and  115  of  the  minor  planets. 

The  printing  of  the  annual  volume  for  1876  has  been  delayed  several 
months  by  lack  of  funds,  but  it  is  now  nearly  done.  Of  the  transit 
circle  work,  that  for  1877  is  ready  for  the  printer;  the  reductions  of  the 
1S78  observations  are  nearly  finished  ;  those  of  1879  nre  nearly  finished 
to  apparent  place ;  while  those  of  1880  are  as  fsu:  advanced  as  the  na- 
ture of  the  work  will  permit. 

The  Q.Ginch  equatorial. — This  instrument  is  under  the  direction  of  Prof. 
J.  R.  Eastman,  who  has  the  same  assistants  as  on  the  work  with  the 
transit  circle.  It  has  been  employed  in  the  observations  of  comets  and 
occultations  of  stars,  and  also  in  determining  the  approximate  correc- 
tions to  the  ephemerides  of  such  minor  planets  as  are  not  readily  found 
with  the  transit  circle. 

The  meteorological  department  is  under  the  direction  of  Professor 
Eastman,  and  the  usual  observations,  at  intervals  of  three  kourn,  be- 
ginning at  midnight,  have  been  made  throughout  the  year  by  the  watch- 
men, Messrs.  Hays,  HORiaAs,  and  Cahill. 

Astronomical  photography. — The  experiments  in  astronomical  photo- 
graphy, including  the  reduction  of  the  photographic  observations  of  the 
transit  of  Mercury  in  May,  1878,  are  under  the  charge  of  Prof.  Wm. 
Haeknebs,  who  baa  been  assisted  by  Master  E.  F.  QuALTEOUGH  and  by 
Mr.  Joseph  A.  Eogees. 

At  the  date  of  my  last  report  the  reductions  of  the  Ann  Al'bor  photo- 
graphs of  the  transit  of  Mercury  were  suspended  because  the  reticule, 
plate  used  in  making  the  pictures  had  not  been  returned  to  this  obser- 
vatory. Since  then  tie  plate  has  been  received,  and  the  work  of  reduc- 
ing the  photographs  has  made  considerable  progress. 

An  investigation  has  just  been  commenced  for  the  ptirpose  of  obtain- 
ing some  light  on  the  following  questions,  namely : 

lat  What  are  the  capabilities  of  objectives  of  various  sizes  for  as- 
tronomical photography,  and  what  are  the  approximate  exposure  coeffi- 
cients for  the  dillerent  classes  of  celestial  objects! 

2d.  What  form  of  an  apparatus  is  best  adapted  for  photographing 
the  corona  during  total  solar  eclipses,  and  what  exposure  coefficient  is. 
likely  to  be  required! 

3d.  What  kind  of  pyroxylene  is  best  adapted  for  astronomical  pho- 
tography, and  how  can  it  be  produced  with  certainty-  T  Much  time  has 
been  si)ent  in  planning  these  experiments,  and  in  devising  suitable 
apparatus  for  executing  them,  and  it  is  hoped  that  they  will  lead  to 
practical  results. 

Solar  eclipses  of  July  29, 1878,  and  Jannari/ 11,  1880, — The  reports  on 
these  eclipses  have  been  collected  into  a  volume  (which  is  noticed  else- 
where). 

The  first  part  of  the  Transit  of  Venus  papers,  embracing  the  history 
and  general  discussion,  is  in  the  hands  of  the  printer,  and  the  composi- 
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tion  is  about  csomplete.  The  press-work  was,  however,  postponed  on 
account  of  the  incomplete  state  of  the  general  redactioDB  of  the  obser- 
vations to  appear  in  Part  II.  These  reductions  cannot  be  completed 
without  a  small  additional  appropriation  for  the  porpose. 

The  library. — Tbe  library  contains  8,500  volumes,  distriboted  aboat  as 
follows : 

I.  Works  on  astronomy,  mathematics,  geodesy,  physics,  meteorology, 
and  geography,  including  transactions  of  learned  societies — about  6,200 
volumes. 

II.  Pamphlets  on  the  same  subjects,  each  one  separately  bound  in 
paper  covers,  placed  in  drawers,  and  classified  by  subjects — about  1,000 
nambers. 

III.  Miscellaneous  works  of  reference,  &c.,  in  the  office  of  the  Super< 
intendent — about  700  volumes. 

IV.  Pubbcations  of  the  United  States  Senate  and  House  of  Kepre- 
sentativea — about  600  volumes. 

Total,  8,500  volumes. 

A  card  catalogue  of  about  16,000  cards  has  been  completed.  It  is 
not  necessary  to  print  this  at  present.  After  the  cards  become  soiled 
by  use,  they  should  be  printed  to  preserve  them. 

Distribution  of  the  publications  of  the  Observatory. — A  list  of  921  names 
has  been  prepared,  and  t«  these  correspondents  our  publications  are 
distributed.  Acadetniesof  Bcieuce,pabIicob8ervatorie8,and  the  princi- 
pal colleger,  receive  the  complete  volumes.  The  appendices  are  dis- 
tributed to  all  observatories,  to  the  principal  astronomers,  and  others  in- 
terested in  astronomy. 

In  return  for  this  liberal  distribation,  the  library  receives,  free  of  cost, 
the  publications  of  the  principal  observatories,  learned  societies,  &c.,  of 
the  world. 

Since  February,  1879,  about  12,000  separate  numbers  of  onr  publica- 
tions have  been  distributed.  These  were  mostly  to  fill  sets  which  had 
been  left  Incomplete  in.  former  distributions.  At  present  all  our  corre- 
spondents have  complete  sets  of  our  volumesj-as  fhr  as  we  can  supply 
them. 

In  addition  to  his  duties  as  Ubrarian,  Professor  Holden  takes  his 
regular  tour  of  duty  as  an  observer  on  the  transit  circle ;  and  he  has 
made  a  set  of  drawings  of  the  planets  Saturn  and  Jupiter,  with  the 
26-inch  equatorial,  and  a  series  of  measures  of  the  dusky  ring  of  Saturn, 
in  continuation  of  those  made  in  1879. 

During  the  year  the  Western  Union  time-ball  in  New  York  has  failed 
nine  times :  once  on  account  of  a  heavy  snow-storm ;  four  times  owing 
to  interruption  to  the  Western  Union  lines;  and  four  times  owing  to 
accidents  to  machinery.  The  Washington  time-lMill  has  failed  twice, 
owing  to  accidents  to  machinery. 


West  Point,  2few  York 

West  Point  Observatory. 

Longitude  fix)m  Washington,  12"  22».71  E. 
Latitude,  41°  23'  31"  K 
IHreetor:  . 
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WiLLETS  Point,  Queens  Countg,  JViw  Yorh 
Field  Observatory — Engineer  School -of  ApplUxiUon. 

Longitttde  from  Washington,  13°  04".57  E.  ±  Cll. 

Latitude,  40°  47'  21".5a  N.  ±  0".O8. 

Latitude  determined  hy  observations  with  zeipith  telescope.  Longi* 
tudo  determined  by  telegraphic  time-signals  from  S'aval  Observatorj', 
Washington. 

Director :  General  BDenbt  L.  Abbot. 

Assistant :  Capt.  J.  C.  Malleet. 
Instruments: 

(6)  Meridian  trajisit  instruments:  (Four:)  One,  makers,  LinGke  & 
Co.,  Silesia ;  aperture,  2J  inches ;  magnifying  power,  —  diameters ;  focal 
lengUi,30 inches.  One,Bussian transit, a]>erture,2,6inches;  StACKPOLE 
&  Bed.,  New  York ;  focal  length,  30  inches.  One,  Teoughton,  aperture, 
2  inches ;  Teouohton,  London ;  focal  length,  30  inches.  One,  Stack- 
pole,  aperture,  2inchesj'STACKP0LB&BR0.,  KewYork;  focal  length, 
21  inches. 

(o)  Egitatorial  imtrument:  makers,  Fauth  &  Co.,  Washington; 
aperture  of  objective,  5J  inches;  magnifying  powers  of  eye-pieces,  as- 
sorted. 

(/)  Chronographs:  Hipp's;  Negus-Mohse  register. 

(ft)  Chronometers :  one  mean  time ;  makers,  Arnold  &  Dent  :  one 
sidereal;  makers,  Lttkbnb;  Bond  &  Son.    Both  break-circait. 

(i)  Miscellaneous:  One  portable  telescope,  equatorialJy  monnted;  one 
zenith  telescope — William  Wuedesiann  ;  two  sextants,  Stackpolb 
&  Beo.  ;  one  personal  equation  machine ;  pne  barometer,  Qrebn's 
cistern. 

Observations  during  the  past  tear: 

Observations  for  determining  latitude  and  longitade,  for  instruction 
of  engineer  ofBcers  at  the  school. 

Observations  upon  auroral  displays,  extended  through  entire  night, 
and  continued  since  1870. 

Work  proposed  for  the  coming  tear  (1881) : 

Similar  to  above. 

PRraciPAL  publications  of  the  observatory  during  the 

TEAR: 
Annual  battalion  order  announcing  results  of  season's  works. 

Additional  information  : 
Observations  on  the  Aurora  Borealis  — The  regular  series  of  records  of 
the  displays  of  the  Aurora  Borealis,  began  in  1870,  has  been  continued, 
as  heretofore.  Three  sentinel  posts,  widely  separated  from  each  other, 
are  guarded  nightly  by  soldiers  of  the  Battalion  of  Engineers  specially 
selected  as  watchmen.  Eight  men  are  thus  permanently  detailed. 
Three  of  them  remain  on  duty  from  sunset  to  sunrise,  and  are  leqaired 


■rise,  and  are  leqain 
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to  report,  when  relieved,  whether  they  have  seen  any  auroral  light  dar- 
ing the  night ;  and  if  not,  whether  the  sky  has  been  sufficiently  clear  to 
permit  any  to  be  visible.  These  records  for  the  past  year  are  presented 
in  the  following  consolidated  table — which,  considering  the  diffiwilty  of 
distinguishing  the  fainter  displays,  is  regarded  as  establishing  the  trusts 
worthy  character  of  the  record  by  the  general  accordance  between  the 
three  independent  observers.  It  appears  that  out  of  216  favorable 
nightfi,  13 auroras  were  noted;  and  if  we  may  assume  the  same  ratio  to 
apply  to  the  clouded  nights,  about  '22  auroral  displays  occurred  during 
the  twelve  mouths. 

Auroral  d'uplags  in  1880. 


A^nu. 

Cleu  niihta. 

Clouded  DiBbbh 

mme  of  mouth. 

1 

1 

H 

1 

9 

■J 

1 

1 

i 
1 

1 

i 

I 

i 

1 

oil) 

JO 

1! 

0 
0 

IB 

20 

i 

IB 

»,7 
WO 

laa 

20.7 

SU.0 

s 

13 
0 

li 
11 

9 

itl 

fer:::x :;:::::::: 

11 0 

Total  Itar  year , 

IS 

u 

13    1  110  1  211    1  223 

21» 

"" 

1»    jl« 

IS. 

Summarg  of  auroral  rcoordsfor  elevt*  yean. 


Clear  sty. 

Clouay  sky. 

1 
1 

Teor. 

1 

t^ 

1 

li 

Remarbi. 

231 

189 

183 
218 

BO 

133 
170 

m 

IKO 
101 

as 

09 

02 

n 

i 

DeBiuiFeljnuityl,lBTO. 

These  observations  were  undertaken  to  throw  light  upon  the  supposed 
connection  between  the  ntnnber  of  solar  spots  and  the  frequency  of 
auroras  and  of  magnetic  disturbances.  They  have  now  been  continuctl 
long  enough  to  give  interest  to  the  foregoing  summary  compiled  from 
the  general  orders  above  cited.  No  corresponding  record  of  solar  spots 
during  this  period  of  eleven  years  is  at  hand  for  precise  comparison  j 
but  Boch  records  have  been  preserved,  and  they  show  the  number  of 
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Spots  ill  the  year  1870  to  l)e  a  maximum  and  in  1878  a  minimum.  It  will 
be  no^ed  that  these  years  are  nearly  those  of  maximum  and  minimom 
observed  auroras. 


WiLLiAMSTOWN,  Massachusetts. 

Williamstown  Observatory. 

Longitude  from  Washington,  15"  I8».6  E. 
Latitude,  420  42'  49"  N. 
Director:  1 


Tpsilanti,  Washtenaw  County,  Michigan. 
State  Normal  School  Observatory. 

Longitude  from  Washington,  26"  10"  W. 

Latitude,  42°  13'  S. 

Authority  for  latitude.aud  longitude:  J.  C.  Watson. 

Director .-  Lewis  McLotith,  M.  A. 
Instruments  : 

(6)  Metidian  transit  instrument:  maker,  Gttelbt,  Albany;  aperture 
IJ  inches;  magnifying  power,  30  diameters. 

(t')  Equatorial  instrument :  maker,  A.  Clabe,  Cambridgeport,  Mass. ; 
aperture  of  objective,  4  inches ;  magnifying  powers  of  eye  pieces,  45,  90, 
144,  210. 

{d)  Spectroscope :  Browning,  London,  2  prism. 

(A)  Chronometer:  sidereal;  maker,  Negus. 

(i)  Miscellaneous:  The  observatory  building  is  completed.  No  syste- 
matic work  has  been  done.  The  building  is  small,  and  its  equipment  is 
for  instruction  rather  than  investigation.  The  equatorial  is  quite  good 
— ^the  one  with  which  Professor  Watson  made  his  observations  on  the 
Bupppsed  planet  Vulcan. 


IL  FOREIGN  OBSEEVATOEIES. 

Aberdeen,  Scotland. 

See  Dun  Echt. 


Abo,  Russia. 
Aho  Observatory. 
Longlttnle  from  Greenwich,  1''  29"  8'.2  E. 
Latitude,  60°  2&  56".8  N. 
JHrector : 1  ^^  ^  _^^  ^  Coogic 
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Adelaide,  South  Australia. 
Observatory  Branch  ofPost-Offke  and  TeUgrc^h  •Dt^artment. 

Longitude  from  Greenwicli,  S*"  14"  21'  E. 

Latitude,  34o  57'  S. 

Director:  C.  ToDD,  1860. 

"Our  Observatory  is  bat  a  yonng  institation,  bat  Parliament  has 
recently  voted  over  £3,000  for  iastramente  and  bnildings,  incladin^  a 
large  Transit  eireUf  and  a  barograph,  thermograpb,  Eew  anemometer, 
&C.  We  already  possess  a  fine  Egvatoridl,  mth  wMdi  good  Tork  is 
done," 

C.  Todd, 
Qovemment  Astronomer. 


Algiers,  Algeria. 

Observatoire  NaOonci, 

Longitude  from  Greenwich,  12"  ll',39  E. 
Latitude,  30°  IS*  2".7  IT. 
Director:  -t 


Aliona,  iVwitia. 


LoDgltndefrom  Groenwich,  39"  46>.35  E. 
Latitude,  53°  32'  45"^  ST. 

Bailt  npon  the  ramparts  in  1S15  \  transferred  to  Kiel  in  1873. 
Kiel.) 
Directors:  H.  C.  Schumacher,  1816; 

A.  C.  Petersen  (traasient),  1851; 

P.  A.  Hansen,  1852 ; 

C.  A.  P.  Pbtekb,  1855. 


Armagh,  Ireland. 

Observatory. 

Longitude  from  Greenwich,  26"  35».5  W. 
Latitude,  64°  21'  12".7  N.  ■ 

Founded  in  1792  as  a  dependency  of  the  University. 
Directors:  J.  A.  Hamilton,  1792 j 

T.  E.  BOBINBOK,  1825.  ,  , 
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Athens,  Greece. 
,  Observatory. 

LoDgitade  from  Greenwich,  l*"  34"  55".7  E. 

Latitade,  37°  58'  30"  K. 

Cotnmecced  in  1845.  Erected  through  the  liberality  of  Boron  ton 
SiNA,  in  Vienna.  It  has  a  dome  containing  a  refractor  of  6.7  inches 
(0".17)  apertore. 

Direeton:  G.  C.  Bonims,  1844; 

J.  F.  J.  ScHMroT,  1858. 


Basls,  Switzerland. 
Physikaliackeg  Inatitut. 

Longitude  from  Greenwich, ! 

Latitade, ! 

Director:  Ed.  Hagenbach. 
INSTEUMENTS: 

(a)  The  Meridian  circle,  constructed  by  the  Soci^t^  Genevoise,  with  2J- 
inch  objective,  by  C.  A.  Steinheil. 

(e)  The  EquatorviX,  made  by  the  "  Soci^t^  Genevoise  pour  la  constme- 
tion  d'inatTRmeiits  de  physique"  mounted  on  an  isolated  pillar,  under  a 
movable  dome  of  16J  feet  {6  meters)  diameter.  The  instrument  is  pro- 
vided with  a  ceutrifiigal  regalator,  constmcted  according  to  Pro£  M, 
Thuet's  directions,  with  position  micrometer,  spectroscope,  and  camera 
obscnra. 

((f)  Spectroscope. 

{g)  The  astronomical  clock  was  constructed  by  Theodob  Knoblich, 
in  Hamburg. 

The  mean  time  is  given  by  means  of  an  electric  pendulum,  by  M. 
Hipp,  in  Neuenburg. 

Both  clocks  connect  with  a  number  of  dials  in  various  rooms,  and  also 
with  the  chronograph. 


Bebgek,  Norway. 

Saval  Observatory. 

Longitude  ftom  Greenwich,  • 1 

Latitude, ? 

Founded  in  17S8.    So  for  has  Only  been  used  to  furnish  the  standard 
time. 

Directors:  C.  F.  G.  Bohe,  1818; 

J.  J.  ASTEAHD,  1833.  (1) 
S.  Mis.  31 13  n,g:,..dtyGoOglc 
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BbrLIK,  Fritsaia. 
Edni(fliche  Stemwartc 
Longitude  from  Greenwich,  53°  3i*.01  E. 
Latitude,  52°  30'  16".7  N. 
Directors :  G.  Kibch,  1706 ; 

J.  H.  Hoffmann,  1710; 
*      C.  Kirch,  1717  J 

J.  W".  Wagner,  1740; 
H.  N.  Geischow,  1745; 
J.  KiBS,  1754; 
F.  TJ.  S.  Abpinu3,1755; 
J.  J.  HUBER,  1756; 
JBAN  Bernoulli,  1767} 
J.  E.  Bode,  1786; 
J.  F.  Ehcke,1825; 
W.  J.  FOERSTBR,  1865. 
LibrarioM ;  Dr.  V.  Knorre. 

Founded  at  tUe  request  of  Leibnitz  in  1705;  completed  in  1711. 
Originally  situated  in  the  suburb  Dorotheenstadt,  in  the  northern  part  of 
the  city.  A  great  square  tower  of  five  stories,  iS  feet  (14  meters)  in 
length  and  88J  feet  (27  meters)  in  height.  Thia  Observatory  was  re- 
modelled in  1787  and  again  in  1800.  Li  1833  a  new  Observatory  was 
built  at  the  southern  extremity  of  the  Oharlotten  Strasse.  The  "Afitro- 
nomische  Jalirbnch"  has  been  published  annoally  since  1776.  It  was 
here  that  Galle  discovered  S'eptnne  in  1846. 


Bern,  SwitzerUind. 
Sternwarte. 
Longitude  from  Greenwich,  29""  46»  E. 
Latitude,  46°  57'  8".7  N. 
Directors :  F.  Fbechsel,  1821  j 
K.  Wolf,  1847; 
J.  Koch,  1856; 
H.  Wild,  1859; 
A.  J.  T.  FORSTER,  1871. 
Constructed  upon  a  bastion  in  1822.    In  plan  a  regular-octagon,  the 
circle  described  about  which  has  a  diameter  of  65^  feet  (30  met^). 


Birr  Castle,  Ireland. 
Parsons-town  Obserxatory. 
Longitude  from  Greenwich,  31™  40*.0  W. 
Latitude,  53©  5'  47"  N. 
Director:  The  Earl  of  Bosse. 
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Instruments  : 
It  is  here  was  erected  the  celebrated  sixty-foot  refleotiug  telesi»pe, 
with  a  six-foot  specalutn. 

Bogota,  United  States  of  Colombia. 

Bogota  Observatory. 

Longitude  from  Greenwich, 1 

Latitude, 1 

Recently  founded. 
Director:  Gonzales. 


Bologna,  Italy. 

Ossereatorio  Astronomieo. 

Longitude  from  Greenwich,  45"  24',6  E. 
Latitude,  44°  29'  47"  l>r. 


Bombay,  India, 
Government  Observatory  at  Colaha. 

Longitude  ftom  Greenwich, 1 

Latitude, ? 

Director:  GhAbles  Chambers. 

The  principal  work  of  the  Colaba  Observatory  is  in  the  fields  of  ter- 
restrial magnetism  and  meteorology,  and  astronomical  observations  are 
made  only  for  the  practical  purpose  of  time  keeping,  partly  for  the  pub- 
lic service  and  partly  for  the  use  of  the  Observatory. 


Bonk,  Prmsia. 

Universitata  Stemwarte. 

Longitude  firom  Greenwich,  28"  23^.29  B. 
Latitude,  60°  43'  45"  If. 
Directors:  K.  D.  von  Mtjnghow,  1818; 
F.  W.  A.  Abgelandee,  1837j 
E.  Sch5npeld,  1875. 
Founded  in  1818  near  the  University.    The  erection  of  a  more  com- 
plete Observatory  was  decided  npon  in  1837,  and  the  new  establishment 
.  was  finished  in  1840.    It  includes  two  halls  for  meridian  instruments 
and  five  turrets.    Here  it  was  that  the  review  of  the  heavens,  known 
nnder  the  name  of  "DurchmuBterung,"  wasnndertaken  and  accomplished 
under  the  direction  of  Abgexandbb,  including  all  stars  up  to  the  ninth 
magnitude. 
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BoTHCAMP,  near  Kiel,  PnuHa. 

Observatory. 

Lougitade  &om  Greenwicb,  40°  30*.8  E. 
Latitude,  64°  12'  9".6  N. 
Director: 1 

Bordeaux,  Frawse. 

Observatoire. 

Longitude  irom  Greenwicb, 1 

Latitude, 1 

Director: T 


Bbeueii,  Qermany. 
Obgenatorium  der  Navigations  Schule. 


Longitndc  from  Greeawi^h,  - 

Latitude, -1 

Director: T 


Bbeslau,  Prussia, 

Universitdts  Sternwarte. 

Lougitnde  fixnn  Greenwich,  V'  8"  8».71  B. 
LatitGde,61o6'56".5ir. 
Directors:  J.  E.  SCHEmEL,  1759; 
L.  A.  JOKGNITZ,  1780; 
H,  W.  Brahdbs,  1809; 
P.  H.  L.  Van  Botmslarvso,  1827; 
Prof.  Dr.  J.  G.  Galle,  1862. 
Obserrations  here  were  begun  about  1760  at  the  gymnasium,  where 
the  professor  of  mathematics  had  collected  a  few  instruments.    They 
were  continued  at  the  University,  and  the  Observatory  properly  so  caUed 
was  gradually  developed. 


Brussels,  Belgium. 

Observatoire  Royale. 
Lougitade  from  Greenwich,  17"  28'.6  E. 
Latitude,  50°  51'  10".5  N. 
Directors:  L.  A.  J.  QuETELET,  1829' 

J.  C.  HoTjZEAU,  1876.  ^-  I 
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Projected  in  1826,  begun  Id  1829,  completed  in  1834.  A  large  hall  for 
meridian  obserrationB  is  located  between  two  wings,  each  Burmounted 
by  a  turret. 


BUDAPESTH,  Huvgary. 

K.  K.  Stemtrarte. 

See  0/en. 


Cadiz,  Spain. 
Narat  Observatory. 


Longitude  from  Greenwich,  ■ 
Latitude, ? 


Cairo,  Egypt. 
Observatoire  KhMiviat. 


Longitude  from  Greenwich, 

Latitude, 1 

Director:  Mahmoud. 
Pounded  about  IS-TO. 


GAMBBmoB,  England. 

Cambridge  ObaereaXory. 

Longitude  from  Greenwich,  22*.75  E. 
Latitnde,  52°  12'  51".6  N. 
Directors :  W.  Ludlam,  1767; 

A.  Shepherd,  1769; 
S.  ViNCE,  1797; 
R.  WOODHOUSE,  1820; 
G.  B.  AIRT,  1827; 
J.  COALLIS,  1836; 
J.  C.  Adams,  1860. 
Commenced  at  Christ  College ;  removed  to  St  John's  College  in  1767. 
In  17C4  a  special  location  was  assigned  to  it  above  the  entrance  gate  ot 
Trinity  College.     The  senate  of  the  University  caused  a  better  Observa- 
tory to  be  erected  in  1820,  which  was  completed  in  1824.    The  strnctore 
consists  of  four  halls  forming  a  clnster  of  buildings. 
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Oape  Town,  Africa. 
Royal  Observatory,  Cape  of  Oood  Hope. 

Longitude  from  Greenwich,  l"*  13°  55*  E. 

Latitade,  33°  56*  3".4  S. 

Authority  for  longitude,  Hendebson  ;  for  latitude,  SxoifB. 

Directors:  F.  Fallows,  1820; 

T.  Henderson,  1831; 

T.  ItfACLEAB,  1834; 
E.  J.  Stone,  1870j 
David  Gill,  1879. 
J.««M(a«te ;  W.  H.  FiNLAY; 
G.  Macleab; 
BoBT.  H.  Pelt; 
I.  Freeman. 
Founded  in  1820,    Owned  no  iustmments  of  importance  until  1S30. 
It  waa  not  at  this  Observatory  that  John  Hbbschel  made  his  observa- 
tions, bat  some  distance  from  here  on  a  private  estate  called  Feldhad- 

SEN. 

Instruments  : 
{a)  Meridian  circle,  by  Bansome  &  SIMMS  for  the  engineering  part; 
Trouohton  &  SIMMS  for  micrometric  and  optical  part;  a  sister  instm- 
ment  to  the  Greenwich  circle;  diameter  of  circles,  06  inches;  divided 
to  5';  read  by  6  microscopes  to  O'.Ol  estimating  easUy  to  (K-OOl  as  at 
Greenwich.  Aperture  of  objective,  8  inches ;  magnifying  power  always 
employed,  200  diameters. 

(c)  Equatorial  instrumeata  :  makers,  object-glass  by  Merz,  mounting 
{German  form)  by  TROtroHTON  &  Simms;  aperture  of  objective,  6.9 
inches ;  magnifying  power  of  eyepieces,  40  to  400.  (c')  Small  equato- 
rial, 3.6-ineh  aperture  (Dollabd),  46  inches  focal  length,  mounting  on 
long  polar  axis  (English  form),  maker  unknown ;  without  clock-work, 
at  present  dismounted. 

(d)  ^eclrogeope:  spectroscope  by  Troughtok  &  Simms. 
(/)  Chronograph :  one  by  Bond,  not  at  present  in  use. 

(g)  Clocks:  one  mean  time;  maker,  MOLTNEUX:  one  sidereal;  'maker, 
Baeraud. 

{h)  Chronometers:  mean  time  and  sidereal.  A  supply  of  these  instru- 
ments kept  for  nse  of  Her  M^esty's  ships,  consequently  fl^uentlf 
changed. 

(i)  MiseeUaneoua :  A  heliometer  of  6  feet  fbcal  length,  4  inches 
(French)  aperture.  Tube  and  cradle  by  Bepsold,  mounting  by  Grubb. 
(This  instrument  is  the  private  property  of  Mr.  Gill.) 

'Anew  Dormal  clock,  -with  Airt'b  escapement  and  air-tight  ease,  k  in  oomae  at 
constmction  by  Mewrs.  Dent. 
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Observations  during  the  pabt  year  (from  January  1, 1880, 
to  January  1, 1881} : 

(a)  Fandamental  stars  for  Schoenfeld's  "Durchmustening." 

Additional  stars  of  TS.  and  S.  declination  for  investigations  connected 
with  re&action. 

Daily  observations  of  a  and  fi  Centaur!  for  parallax. 

Small  list  of  stars  observed  at  request  of  Dr.  Axtwebs. 

Selected  list  of  circnmpolar  stars. 

Long  series  of  observations  connected  witli  investigations  on  personal 
equation. 

List  of  stars  to  be  used  in  connecting  longitudes  of  Aden  and  Cape  of 
Qood  Hope. 

{c)  Every  star,  down  to  6tli  of  May,  occulted  by  the  moon  has  been 
observed  when  weather  permitted.  Every  eclipse  of  Jupiter's  satellites 
has  been  observed  when  weather  permitted. 

(i)  The  heliometer  arrived  in  December.  Observations  with  that  in- 
strument for  annual  parallax  of  j9  Centauri,  <  Indi  and  (3  Sydri  have 
been  commenced. 

Work  proposed  for  the  coming  yeah  (1881) : 

Completion  of  observations  of  Schoenfeld's  ftindamental  stars. 

Completion  of  personal  equation  investigations. 

Continuation  of  observations  of  a  and  /S  Centauri. 

Completion  of  a  useful  catalogue  of  southern  circumpolars  for  observ- 
ers of  transit  of  Venus,  1882. 

Completion  of  longitude  connection  of  Aden  and  Cape  of  Good  Hope. 

Researches  with  the  heliometer  on  parallax  of  fixed  stars. 

Continuance  of  series  of  observations  of  occultations  of  stars  by  the 
m6on  and  eclipses  of  Jupiter's  satellites.  Arrangements  being  made  for 
application  bf  photometer  to  these  latter  observations,  as  at  Cambridge, 
United  States. 

Additional  information: 

There  have  been  no  publications  of  the  observatory  issued  during  the 
past  year  (1880).  The  great  catalogue  of  12,400  st^^,  deduced  from  ob- 
servations 1870-'79,  was  taken  to  England  in  1879  by  Mr.  Stone  for 
publication,  together  with  the  annual  volumes  for  1877-78  in  M3S. 
Owing  to  necessary  alterations  in  the  microscopes  of  the  transit  circle, 
and  to  some  other  instrumental  changes,  the  new  series  of  N.  P.  D.  work 
was  not  begun  till  March,  1880.  The  completion  of  one  series  of  obser- 
vations and  the  commencement  of  another  creates  a  gap  in  the  plan  of 
pablications.  The  Cape  catalogue  for  1850,  deduced  from  Maclear's  ob- 
servations in  1849,  '50,  '51,  and  '52  is  nearly  completed.  It  contains  all 
stars  of  the  B.  A.  C.  catalogue  having  south  declination. 

There  are  also  under  preparation  for  press : 

Occultations  of  stars  by  the  moon  (about  400  in  number)  observed  be- 
tween 1834  and  1870,  reduced  and  compared  with  tnbles. 
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A  series  of  obgervations  of  donble  stars  made  between  1849  and  1868 
(eliiefly  observations  of  a  Centauri,  and  some  of  the  most  interesting 
sonttiern  double  stars) . 


Catkaehjebueg,  Russia. 
Astronomical,  Magnetical,  and  Meteorohgieal  Observatory. 

Longitude  fh>ni  Greenwich,  i^  2"  48*  E. 

Latitude,  56°  49'  K. 

Authority  for  latitude  and  longitude:  Ktjpffee  {1841) ;  Fbitschb 
{1873  and  1876) ;  Schaehhoest  and  Kuhlbeeg  (1875). 

Director ;  G.  O.  Clbec,  secretary  Ifatural  History  Society. 

Observers :  V.  A.  Babkin  ; 

A.  M.  Chechulin. 

(5)  Meridian  tratmt  instrument:  makers,  Eetbl  &  Sohn  (small  pas- 
sage instrument) ;  aperture,  1.5  inches.  (6')  Another  by  Beauee  in  St. 
Petersburg  (nniversal  instrument). 

{g)  Clocks:  one  mean  time;  maker,  F.  Flauth,  in  St.  Petersburg 
(without  Ko.)  J  another  regulator,  without  name. 

(ft)  Chronometers:  meantime;  makers,  F.  Flauth,  No,  37 ;  Wiebk, 
N0.8C. 

(i)  Miscellaneom :  Magnetic  theodolite,  Beauee,  Ho.  37 ;  BeAUEB's 
compass  for  magnetical  declination  and  intensity ;  Gaiioey's  inclinato- 
rinm ;  variation  magnetometers  (syst.  Gauss)  ;  several  series  of  me- 
teorological instruments  of  different  construction ;  thermometers  for 
observation  of  the  temperature  from  snperflcy  to  three  meters  depth. 

OBBBEVATIONS  DTTEINO  the  past   YEAR: 

(a)  The  passage  instrument  was  used  every  day  whenever  the  weather 
permitted,  for  determination  of  time  by  observation  of  the  sun. 
WOEK  PROPOSED  FOE  THE  COMTSG  YEAE  (1881): 
Magnetic  and  meteorological  observations ;  elaboration  of  those  ob- 
servations. 

PEINCIPAL  PtTBLICATIONS  OP  THE  OBSEEVATOEY  DUEING  THE 
YEAE  1880 : 
The  observatory  does  not  print  anything ;  all  its  observations  appear 
in  the  annals  of  the  central  Observatory  at  St.  Petersburg, 

G.  0.  Cleec:  Debacle  de  la  Tchonsdomia  (Rasa,  and  French),  p.  83, 
vol,  T,  "  Bulletin  de  la  Soei6t4  ouralienne  des  sciences  naturelles." 

G.  O.  Cleec  ;  Translations  from  German  into  Russian,  and  from  Rns- 
sian  into  French,  in  the  5th  and  6th  vols,  of  the  "  Bulletin  de  la  Soci^t^ 
ouralienne  des  sciences  natu relies." 
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Chapultepbc,  Mexico. 

National  Olsematory. 

Longitude  ftom  Greenwich,  &  36°  38".34  W. 
Latitude,  19°  25'  17".5  N. 
Director:  A.  ANGtriAMO,  1878. 
Projected  in  1876 ;  established  in  1878. 


Cheistiania,  Norway. 
Univeraitiits  Slemwarte. 

Longitude  from  Greenwich,  42"  53'.65  E. 

Latitude;  59°  64'  43".7  N. 

Authority  for  latitude  and  longitude :  Beschreibuug  und  Lage  der 
Tlniversitiits  Sternwarte  in  Ohristiania;  Verhandlung  der  funften  allgo- 
ineinen  Conferenz  der  europiiischen  Gradmessung,  p.  300.  Exp^. 
chronom.  ex^cut^e  en  1814  entre  Alton  and  Greenwich. 

Directors:  C.  Hahsteen,  1815; 
C.  Fbaehley,  1873. 

Observer:  H.  Gbelmutdek. 

Watchman:  J.  Theondeh. 

Projected  in  1815 ;  constructed  in  1818 ;  rebuiltat  some  distance  from 
the  first  structure  in  1830. 
Insteumehts  : 

(a)  Meridian  circles :  one ;  makers,  Ebiel,  with  objective  by  FBAtt- 
EKHOFEE  and  TJtzschkeidee :  diameter,  38  inches;  divided  to  3', 
read  by  4  microscopes  to  2"  ;  aperture  of  objective,  4  inches ;  magnify- 
ing power,  180  diameters. 

(h)  Portable  trangit  instrument :  PiSTOB  &  Mabtins,  makers;  aper- 
ture of  objective,  2  inches ;  magnifying  power,  80  diameters. 

(c)  Equatorial  by  A.  &  G.  Bepsold.  Diameter  of  circles,  30  inches, 
divided  to  3' ;  read  by  2  microscopes  to  1" ;  aperture  of  objective,  4  j 
inches;  magnifying  power,  60-290.  Wire  micrometer  and  ring  mi- 
crometer, (o')  Refractor:  Makers,  G.  Mebz  &  Sohne;  objective,  7 
inches ;  magnifying  power,  80-600 ;  diameters  of  circles  10  and  14  inches ; 
read  by  2  Noniers  each  to  4*  and  10".     Wire  micrometer. 

{d)  Small  universal  star-spectroscope  by  Meez,  &  vision  directe. 

(g)  Clocks:  one  sidereal:  pendulum,  by  KE88ELS,  1366;  one  mean  time, 
by  TJeb.  JiiEGBHSBN  OG  SoNNEE  (for  the  bifilar) :  one  by  L.  Lamtvoek 
{for  the  unifilar) ;  F  in  the  magnetic  building. 

(A)  Chronometers  :  mean  time ;  (Box)  Kessels,  1259 ;  (Pocket)  Kes- 
8ELS,  1280:  one  sidereal;  Dent,  3103, 

()')  Unifilar  magnetometer,  by  Metebstein;   bifilar  magnetometor, 
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by MiiYEBSTEm ;  inclmatoaietera,byGAi£BBT,BABLOW,Dover;  siphon 
barometer,  by  PiSTOR ;  cistern  barometer,  by  FoBTiN ;  thermometei-s, 
pluviameters,  &c. 

OBSEBVATIONS  DUBDia  THE  PAST  YEAB; 

Supplementary  obaervations  of  zone  etara  between  64°  50'  and  70° 
KV  K.  declination  (for  tbe  astronomical  society).  liegalar  time  deter- 
mination (for  the  benefit  of  navigation),' sent  twice  a  veek  to  all  Kor- 
wegian  ports. 

(b)  Observations  for  determination  of  longitude  between  Ghristiania 
and  Bergen. 

(c)  Observations  on  Comet  Hartwig  (1880  d.).  (&)  [1879.  Observa- 
tions for  the  preliminary  parallax  determination  of  Argel.  Oeltz,  11677.1 

{d)  [1873-'74.  Drawings  and  measurements  of  protuberances.] 

{i)  Magnetic  observations  (twice  a  day).  Meterological  observations 
(fifteen  every  day). 

Additional  infobmatigm  : 

Six  astronomical  lectures  every  week  by  the  director,  and  3  to  4  by  the 
observer. 

Observations  for  the  European  "  Gradmessnng  "  were  made  for  the 
determination  of  azimuth  and  iwle  distance,  by  the  director,  daring 
the  months  of  July  and  Angnst,  at  a  trigonometrical  station  near 
Drontheim. 


Ohubts,  England. 
Private  Observatory. 


Zx>ngitude  &om  Grewwioh,  - 

Latitude, 1 

Director:  E.  Cabbington. 


CoiMBBA,  Portugal. 

Ohservatorio  Magnetico-Meteoroiogico  de  la  TJaiveraidade  de  Coimbra. 

Longitude  from  Greenwich,  33"  34*.5  W. 
Latitude,  40°  12'  25".8  N. 
Directors:  J.  Montbieo  db  Eocha,  1796; (!) 
De  Pinheibo,  1820 ; 
Db  Souza  Pinto,  1855.  (!) 
Established  about  1796.    From  1709  to  the  present  time  the  Astro- 
nomical Ephemeris  has  been  published  here,  which  for  ten  years  previous 
(since  1789)  had  been  issued  at  Lisbon. 
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COLLOOMEY,  Jreland. 

Markree  Observatory, 

Lon^tade  from  Greenwich, ¥ 

Latitude, ! 

Director:  ! 

Colombo,  Ceylon,  Asia. 

Private  Observatory. 

Longitude  from  Greenwich, ! 

Latitnde, ! 

Director ;  Mr. GEBEif. 


Copenhagen,  Denmark. 

Univeraitets  Aaironwniske  Obaervatorium. 

Longitude  from  Greenwich,  50"  19'.2  E. 
Latitude,  55°  41'  13".6  N. 
Director :  T 


Cordoba,  Arg^itine  Be^ublic. 
Observatorio  National  Argentino. 

LoDgitnde  from  Greenwich,  i^  16™  45M  W. 

Latitude,  31©  25'  15-.4:  S. 

Director :  B.  A.  GouLD,  1870. 

Proposed  in  1869 ;  built  in  1871  on  an  eminence  soutlieast  of  the  town; 
a,  cruciform  structure,  with  four  towers  at  the  extremitieB  of  the  limbs  of 
tlie  cross.  The  IJi'anometna  Ari7enMna  was  constructed  here,  containing 
all  the  stars,  np  to  those  of  the  seventh  magnitude,  which  are  visible 
in  the  southern  heavens. 


Cork,  Irelarid. 

Observatery  of  Queen?s  College. 

Longitude  from  Greenwich, I 

Latitude, ! 

Director : 1 

Founded  in  1878.    Hall  for  meridian  observadons.    Dome  14|  feet 
{4'".o)  in  diameter. 
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Cbacow,  Austria. 

Cracow  Observatory. 

Longitude  from  Greeuwich,  l""  19"  50".5  E. 
Latitude,  50°  3'  50"  N. 
Director  : 1 

Crohstadt,  Russia. 

Naval  Astronomical  Observatory. 

Longitude  from  Greeuwich, T 

Latitude, 1 

Director :  1 


Dahzio,  Prvssia. 

Stemwarte. 

Observatory  of  the  Society  of  Naturalists  (Naturforschende  Gesellscbaft). 
Eatabllshed  iu  1783. 
Longitude  from  Greenwich,  1"  14"  39".3  B. 
Latitude,  54©  21'  18"  H". 
Directors:  J.  A.  KOOH,  1783; 
B.  Kaybbr,  1850.  (1) 


Debpt  (Dorpat),  Russia. 

ImperatorsJcaia  Astronomicheakaia  Observatoria. 

Longitude  from  Greeuwicli,  l""  46"  53'.5  E. 
Latitude,  58°  22'  47".4  N. 
Directors:  3.  W.  A.  PfaPP,  1808; 
F.  G.  W.  Strute,  1813  j 
J.  n.  Madlbe,  1840; 
T.  Clausen,  1874 ; 
L.  ScHWARz,  1878. 
Founded  in  1808,  as  a,  dependency  of  the  University.    In  1825  Fradn- 
hopee's  equatorial,  with  an  aperture  of  9  inches  and  a  focal  lengtli 
of  13J  feet,  moved  by   clock-work,  the    largest  and  most  powerful 
■  refractor  in  the  world  at  that  time,  waa  mounted  there.    With  the  help 
of  this  instrument  the  elder  Struvg  accomplished  his  &mous  Mensuree 
Micrometricce,  published  in  1837,  and  continued  by  his  successor. 
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Dublin,  Ireland. 
Bunsink  Observatory. 

LoDgitade  from  GreeDwicli,  25""  21"  W, 
Latitude,  53°  23'  13"  K 

Authority  for  latitude  and  longitude:  Dr.  Bbunnow. 
Directors:  H.  Ussheb,  1774; 
J.  Beinkley,  1792; 
W.  E.  Hamilton,  1827; 
F.  BeuNHOW,  1865; 

Prof.  BOBEET  S.  Ball,  LL.D.,  F.  R.  8.,  Astronomer  Royal 
of  Ireland,  1875. 
Assiatant:  J.  L.  £.  Deeyeb. 

Observatory  of  Trinity  College. 

Founded  in  1774,  by  means  of  the  legacy  left  for  the  purpose  by  F. 

Andbews;  built  in  the  midst  of  a  vast  park  at  Dunsink,  3|  miles  (6 

kilometers)  northwest  of  Dublin.    It  was  not  finished  trntil  1792.    A' 

structure  of  three  stories,  surmounted  by  a  revolving  dome. 

INSTEUMENTS: 

(a)  Meridian  circle :  makers,  Pistob&Mabtins;  diameter  of  circles, 
36  inches;  divided  to  2';  read  by  8  microscopes  to  1";  aperture  of  ob- 
jective, 6.4  inches ;  magnifying  power  ordinarily  employed,  180  diam- 
eters. 

(b)  Meridian  transit  instruments :  one,  made  by  Bamsden  ;  aperture, 
4  inches:  not  in  use.  (ft')  One  with  reversible  circle  by  Bamsden  & 
Bbege;  object-glass,  3  inches ;  diameter  of  circle,  8.feet;  Smicrometers: 
not  in  use. 

(c)  Equatorial  instruments:  one;  makers,  Oauchoix  object-glass, 
Obubb  mounting;  aperture  of  objective,  11^  inches ;  magnifying  powers 
of  eye-pieces,  300:  is  generally  osed.  {</)  One  of  four  inches  aperture ; 
English  equatorial  by  Tullbt,  (!)     Hwdly  ever  used. 

{d)  Metroscopes:  one  of  Beownimg's  two-priam  spectroscopes;  and 
one  of  VoaBL's  small-star  spectroscopes. 

(/)  Chronograiph:  maker,  Oeubb;  two  barrels  and  controlled  clock. 

(g)  Clocks :  one  mean  time;  maker,  Booth  of  Dublin ;  one  sidereal ; 
maker.  Dent,  London. 

(ft)  Chronometer :  sidereal ;  maker,  IiTMasteb. 

(t)  Miscellaneous:  The  mean-time  clock  controls  by  electricity  the 
clocks  in  the  port  and  docks  board  and  Trinity  College,  the  distance 
being  about  five  miles  from  Dnnsink. 

Dunsink  Observatory  belongs  to  Trinity  College,  Dublin.  An  annual 
visitation  of  the  Observatory  is  held  every  summer  by  the  board  of 
Trinity  College. 

ObSEEVATIONS  DUBINa  THE  FAST  TEAE  (1380)  : 

The  meridian  observations  of  red  stars  (commenced  by  Dr.  Cope- 


t,L.ooglc 


686       REPORTS  OP  ASTRONOMICAL  OBSERVATORIES. 

LAKD  in  1875-1876,  and  taken  up  by  Mr.  Dreyee  in  September  1878), 
were  flnislied  in  the  snmmer  1880,  each  star  being  observed  four  times 
or  oftener.  The  reductions  to  the  epocli  1875.0  were  nearly  finislied  by 
the  end  of  the  year. 

The  south  equatorial  has  been  employed  entirely  in  obseryatious  for 
annual  parallax  by  Br.  Ball.  During  1880  a  series  for  Groombridge 
1618  was  completed,  and  £rom  the  distances  of  +  50^,1724,  a  parallax  of 
+  0".  3196  ±  .052  has  been  concluded;  for  Gr.  1618  a  series  for  P  UI 
242,  recommended  by  Struve  (MJH.  vol.  xx,  p.  8),  gives  a  parallax  of 
—  0".046  ±  0".O70  (M.l!r.,  November,  1880).  A  series  for  Behj.  249  (a) 
(red  stars]  has  been  completed,  but  not  reduced,  and  a  series  for  m 
Oephei  and  s  2486  have  been  commenced.  The  sweeping  observations 
described  in  Dnnsink  Observations,  Part  III,  have  also  been  contlnncd. 
Work  proposed  for  the  couiNa  tear  (1881): 

The  meridian  circle  is  proposed  to  be  employed  in  a  reobservatiou  of 
ArgelANDEB's  southern  zones,  commencing  with  the  zone  — 15°  ti> 
— 20°,  and  extending  perhaps  a  few  degrees  more  south  if  it  appears 
practicable. 

The  equatorial  is  proposed  to  be  employed  in  a  continnatiou  of  the 
parallax  observations,  mnch  of  which  work  is  at  present  in  hands. 
Principal  publicatiohs  of  the  obsbevatory  : 

Robert -S.  Ball:  Elements  of  Astronomy,  London,  1  vol.,  459  p. 

Robert  8.  Ball:  On  the  Parallax  of  P  III  242.  M,N.,  November, 
1880. 

J.  L.  E.  Dbeyeb:  A  record  of  the  progress  of  astronomy  during  the 
year  1879.    Proceedings  of  the  Boyal  Dublin  Society. 


Dun  Eoht,  Scotland. 
Private  Observatory. 

Longitude  from  Greenwich,  9°  40"  W. 

Latitude,  67°  9'  36"  N. 

Authority  for  longitude:  Ordnance  Survey;  for  latitude,  observa- 
tions with  a  SiHHS  alt-azimnth.  The  transit  circle  confirms  the  rasnlt 
within  a  fraction  of  a  second. 

Agtronomer:  Ralph  Copelahd,  Fh.  D. 

Aamtant :  J.  G.  LoHSB. 

Computer :  H.  J.  Carpenter. 

General  meektmic :  T.  Kiekwood, 

Messeager  and  meteorology  reader .-  J.  McPherson. 

Dun  Bcht  Observatory,  the  property  of  the  Earl  of  Crawford  and 
Balearres  (late  Lord  Lisdsat),  is  on  the  estate  of  Dnn  Echt,  about  1ft 
mUes  west  of  Aberdeen. 

Height  above  the  sea,  464  feet  to  cistern  of  standard  barometer. 

■      U,j,,,;Jt,L.OOglC 
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INSTEUMENTS : 

(a)  MeridiancircUs :  1.  Transit  eirde  by  Teoughtoh  &  Siumsj  one 
movable  and  one  fixed  circle ;  diameter  36  inches  divided  to  5";  16 
microscopes  (carried  by  2  Alidade  circles,  1  movable  and  1  fixed),  read- 
ing to  l"-tenth  by  estimation ;  aperture  of  object-glass  8.69  inches  5 
dj-incb  collimators ;  2^inch  axle  telescope.  2.  Beversing  transit  'with 
Vs  for  meridian  and  prime  vertical,  by  T,  Cooke  &  Sons;  liuch 
object-glasB.  3.  Transit  instrumtot  by  Teoughton &  Simms;  2Jinch 
object-glass. 

(b)  Meridian  transit  inatrumetiU :  1.  Ait-azimuth,  by  Teoughtojj  & 
SnoiB ;  12  inch  circles,  divided  to  5' ;  4  microscopes,  vertical  and  hori- 
zontal circles  reading  seconds  and  tenths  by  estdmatioa.  Horizontal 
circle  movable.  2.  Theodolite  by  T.  Cooke  &-Soks.  3.  Theodolite  by 
Affs. 

(c)  Egtaitorialinstruments :  One  15.06-inch  refractor  by  Gedbb.  Sev- 
eral sets  of  eye-pieces.  Bifilar  micrometer.  Mebz  helioscope.  Dawes 
solar  eye-piece,  2, 3,  71  inch  finders.  This  telescope  is  controlled  abso- 
lutely by  the  sidereal  clock.  Driving-clock  by  T,  Cooke  &  Sons,  made 
to  special  design.  2.  One  12.9-incli  reflector  122.5  focus;  mirror  by 
Bev.  H.  CooFBB  Key  English  mounting.  3.  One  124-inch  reflector  by 
BEOWHiNa.  Solar  spectroscope.  4.  One  6.06-inch  refractor  by  Simms  ; 
bifilar  and  double  image  micrometers,  used  generally  for  comet  seeking, 

5.  One  6.04-iuoh  refiiSiCtor  by  T.  Cooke  &  Sons.  Complete.  6.  One 
4-inch  refractor  by  T.  Cooke  &  Sons;  bifilar  micrometer.  Clock  by 
ElOHBNS.  Complete.  7.  One  3-inoh  refractor  by  T.  Cooke  &  Sons; 
bifilar  micrometer.    Complete. 

(d)  Spectroscopes :  Largo  solar  spectroscope  with  1  whole  and  2  half 
Bdthebfubd  prisms  with  reversion  and  heliometer  viewing  telescope. 
Stellar  spect3X)8cope  modified  at  Dun  Echt  {the  one  most  used).  Beowh- 
iNG-5.prism  automatic  solar  spectroscope  and  2  stellar  ones;  also  Yogbl 
spectroscope  by  Heustbell,  and  a  variety  of  direet  vision,  quartz,  ajid 
other  prisms.  Besides  the  above-mentioned  spectroscope  there  is  a 
6-prism  antomatiti  reversing  table  instrument  by  Beownikg,  and  a  hand 
direct  vL^on  spectroscope  used  for  Anrorse. 

(e)  Photometer:  ZQllner  astro-photometer  by  AusgEJ.i)  of  Gotba. 
(/)  Ckrojiographg :  1.  4:fold  barrel-chronograph,  each  barrel  to  run 

6  hours,  driven  by  the  same  clock  as  the  15.06- inch  equatorial.  2.  Fort- 
able  fillet  chronograph  by  Siemens. 

{g)  Clocks:  1.  Sidereal  clock,  quicksilver  compensation  by  Feodsham. 
2.  Mean-time  clock,  quicksilver  compensation  by  Moltneux.  3.  Elec- 
tric clock,  outside  dial  and  time  gun. 

{h)  Chronometers:  1.  Kullbbbg  ;  mean  time.  2.  Faeqdhae;  mean 
time.    3.  J.  Wai^kee  ;  mean  time.      4.  Feodsham  ;  mean  time  8-day. 

6.  Walkbe;  sidereal  (electric  contact).  6.  Walkbe;  sidereal.  7. 
McLennan;  ^seconds;  pocket M.T. 

(t)  Miscellaneous:  1.  Metre;  A  copy  of  the  m6tre  des  Conservatoire. 


688  REPORTS    OF    ASTRONOMICAL    OBSERVATORIES. 

Fkomekt.  2.  Linear  dividing  engine  by  Feoment,  3.  Lineaa  divid- 
ing engine  by  Eluott  Brothers.  4.  Photograph  measaring  machine 
by  Geubb.  6.  Balance  by  Oertling.  6.  Five  2-met«r  and  one  IJ- 
. meter  bais.  Orubb.  7.  Two  comparator  microscopes  and  long  stone 
table.    8.  10-incb  wheel  catting  engine;  Swiss.    Jbnbsgn  &  Henskn. 

{j)  1.  Sprengel  pamp  6  end  on  and  many  Geissler  tabes.  2.  Air- 
pump  and  apparatus. 

(fc)  Various  photographic  apparatds. 

(I)  A  large  assortment  of  electrical  and  electro-magnetical  apparatus. 
One  standard  and  one  marine  baromet^:  Neoreiti  &  Zttmbra.  Vari- 
ous tbennometers.  7-inch  spherometer,  1  pari;  =  TfliSo  "idii  tsi^otu**  ^y 
estimation;  4-inch  spherometer;  both  by  Hilgbr.  Arithmomet«r  by 
Thomas  de  Coluab;  6  plaoes.  Arithmometer  by  Thomas  de  Gol- 
MAR;  10  places.  Foncault  siderostat  by  EiOHENS  i  16-inch  mirror  (and 
a  spare  one],  silver  in  glass,  by  A.  Martin.  SilberinnDQ  heliostat  by 
DUBOSCQ.  Heliostat  by  Browning.  King's  barograph  and  anemo- 
graph by  Casella.  Binocnlar  microscopes  by  Smith  &  Beck  and 
Boss.  Polariscope  by  Ladd  ;  10-inch,  6-inch,  and  4-inch  induction  coils 
by  Affs.  A  large  collection  of  cut  crystals;  also  diffraction  appara- 
tus by  Schweed. 

The  library  is  now  getting  to  be  very  large  and  fairly  representative. 
It  is  rich  in  early  editions  of  astronomical  and  mathematical  writers. 
The  departments  of  jieriodicals  and  learned  societies  are  good ;  the  sec- 
tions of  optics  and  comets  are  fine.  No  opportunity  of  adding  to  the 
collection  is  missed.  It  has  been  found  necessary  lately  to  provide  about 
500  feet  of  additional  shelving. 

Work  done  during  the  past  tear  (1880): 

The  work  during  1880  has  been  chiefly  cometary  and  spectroscopic 
observations  with  the  16-inch  refractor  and  determination  of  compari- 
son stars  with  the  transit  circle ;  Mars  was  compared  with  a  OrUmw 
and  a  Tauri  with  the  astrophotometer. 

Some  specimens  of  glass  were  tested  with  a  spectrometer  made  from 
an  old  alt-azimuth  instrument. 

The  greater  part  of  the  time  has  been  devoted  to  the  redaction  of  the 
observationH  connected  with  Lord  LnrosAT's  Transit  of  Venus  Expedi- 
tion.   These  redactions  are  now  approaching  completion. 
Work  proposed  for  1881: 

The  same  class  of  work  is  proposed  for  1881. 
Publications  : 

No  considerable  works  were  published  in  1880.  Vmous  papers  were 
commnnicated  to  the  "Astronomische  !Nachrichten  " ;  Monthly  Notices 
of  the  "  Boyal  Astronomical  Society,"  and  "Urania,"  besides  which  13 
special  circulars  were  distributed  to  all  applieants. 


:,.ndty  Google 
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DCBHAU,  Englamd. 


Longitude  fmm  Greenwiob,  C"  19*.8  W. 
Latitude,  54°  4&  6".2  N. 
Director*:  T.  Chevaluee,  1840; 
G.  A.  GOLDNEE,  1872. 
Founded  by  snbsciiption  in  1840.    First  observations  made  ii 


DUSSELDOEF,  Prumo. 
Stemtcarte  {formerly  named  Bilk). 

Longitude  from  Greenwicb,  27"  C  E, 
Latitude,  51°  12'  25"-  B". 

Autbority  for  latitude  and  longitude :  "Astronomisclie  Nacliriclit«n'' 
643,  and  "  Berliner  Jahrbucb." 
JMreotorg:  J.  F.  Benzembeeq,  1809; 
F.  BEiJNNOW,  1848; 
Egbert  Luther,  1855. 
Established  in  1809,  by  J.  F.  Bbnzbnbbeg,  tbe  savant,  who  in  1844 
erected  a  more  complete  building  at  Bilk,  1^  miles  (two  kilometers) 
south  of  the  town.    This  establishment,  liberally  endowed  byits  founder, 
became  the  property  of  the  town  in  1847,  and  was  enlarged  by  it  in  1852. 
Nearly  twenty  of  the  minor  planets  have  been  discovered  bere. 
Instruments: 

(a)  An  old  repetition  circle  of  one  foot,  by  the  late  Baumann,  at 
Stuttgart,  giving  10"  of  centesimal  division. 

(b)  Meridian  transit  instrument  made  by  the  late  Emu.  Scheoedteb, 
at  DUsseldorf,  objective  trom  Munich,  focal  distance  2  feet,  aperture  2 ' 
inches,  little  circle  divided  in  half  degrees,  with  uonius,  one  minute. 

(c)  TSfiw  equatorial  instrument,  made  by  Chablbs  Baubero,  at  Ber- 
lin, in  use  since  September,  1877,  objective  by  Dr.  SiOAnmD  Mebz,  at 
Munich,  focal  distance  7  feet,  aperture  7  inches,  magnif^g  powers  of 
eyepieces  49  to  188.  Stars  of  the  11.5  magnitude  can  be  seen  with  it. 
Old  reserve  tobe  with  horizontal  and  vertical  motion,  made  by  Mebz 
&  Sons,  at  Munich,  1847,  focal  distance  6  feet,  aperture  4  J  inches.  Stars 
of  the  11.0  magnitude  can  be  seen  with  it. 

(n)  Two  old  sidereal  time  olocks  made  by  TJtzschneider  &  Frau-  . 
ENHOFBR,  at  Mnnieh. 

(h)  One  mean-time  chronometer  by  Kessbls,  at  Altona,  and  a  Swiss 
watch. 

Some  small  instnuneDts  of  minor  importance. 
S.  Mis.  31 44 


i,L.ooglc 
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ObsebvATIONS  DimiNQ  THE  PAST  YEAR  (1880): 

BesideB  the  determinatioD  of  clock  errors  there  have  been  made  at 
this  Observatory,  daring  the  year  1880,  60  observations  of  18  minor 
planets,  and  since  18j  8, 993  observations  of  128  minor  planeta,  published 
in  the  "Astronomiache  Nachrichten." 

WOEK  PROPOSED  POH   THB  COMING  YEAE  (1881)  : 
It  is  intended  to  continue  the  observations  and  calculations  of  planets. 


Edinbueo,  Scotland. 
Royal  Observatory. 

Longitude  from  Greenwich,  12"  43'.05  W. 

Latitnde,  55°  57'  23".3  K. 

Directors:  E.  Blaie,  1780; 

T.  Henderson,  1833; 
C.  P.  Smyth,  1846. 

The  old  Observatory,  founded  by  subscription  in  1776,  was  not  com- 
pleted until  1792.  No  Observations  wer^  ever  made  there.  The  new 
observatory  was  projected  in  1812,  and  erected  on  shares  in  1818.  The 
municipality  donsCtc d  the  ground.  In  1834,  the  founders  ceded  its  ad- 
ministration to  the  State,  and  in  1846  made  over  the  ownership.  Time 
signals  have  been  given  there  since  1855.  Since  1872,  the  firing  of  a 
camion  has  been  snbstituted  for  the  former  ball. 


Elspleth,  Oermany. 
Observatorium  der  Xavi^ations  Sckule. 


Longitude  from  Greenwich, 

Latitnde, 1 

IHreetor:  C.  Bbhrmakn,  1876. 


Flosbncg,  Italy. 

1.  Os»ervatorio  Astronomico ;  2.  Osservatorio  del  S.  Mvseo, 

Longitude  from  Greenwich,  45™  1'.5  E. 
LaUtude,  43°  46'  4".l  N. 
Directors:  F.  FontanA,  1774; 

D.  Di  VecCHI,  1807; 

Del  Eicco,  1815;  (f) 

G.  InghieAMI,  1818; 

J.  L.  Pons,  1829; 

G.  B.  Amici,  1831; 

G.  B.  DoHATi,  1864; 

W.  Tempel,  1873.  n,g:,.,dtyGoO(^lc 
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The  first  Observatory  here  was  established  by  the  Jesaits  at  San 
OioraaoiDO  College,  later  called  The  Religioua  Sclioola  (Scole  Fie).  A 
second  was  proposed  by  the  govemmeiit  in  1774  as  an  annex  to  the 
Mnseum  of  Physics  and  Natural  History  of  the  Pitti  Palace.  It  was 
bnilt  from  1777  to  1784,  and  afterwards  the  establishment  was  trans- 
ferred to  the  hill  of  Arcetri,  where  Oalilbo  lived  during  the  latter  part 
of  his  life. 


Feankfuht  a.  M.,  Prt««o. 


Private  Observatory. 


Xjongltude  from  Greenwich,  - 

Latitude, 1 

Director :  Dr.  Epstein. 


Gbnsya,  Switzerland. 

Observatoire  de  Gen&ee. 

Longitude  fi^m  Greenwich,  24»  36*.77  E. 

Latitude,  4&°  11'  58".8  K 

IHreetora:  J.  A.  Mellbt  Fatbe,  1772; 

M.  A.  PlOTBT  TUBBETUT,  1790 ; 
J.  F.  T.  MatjEICB,  1794; 
P.  PiCTET,  1802 ; 
A.  Gautugr,  1819; 
L.  F.  Waetmank,  1832 ; 
E.  Plantamoub,  1840. 
Founded  In  1771,  completed  in  1773,    Octagonal  structure  bnflt  in 
great  part  at  the  expense  of  J.  A.  Mellet,  upon  a  casemate  of  the  B 
Saint  Antoine.    In  1829  the  representative  council  of  the  canton  p 
a  resolution  for  the  conslxuction  of  a  new  Observatory  to  be  bnilt  upon 
the  same  bastion  not  fiir  from  the  old  edifice.    It  is  composed  of  a  main 
building  of  one  story,  and  of  two  lateral  turrets  with  hemispheric  domes. 


Gehoa,  Italy. 
Oaaervaiorio  della  R,  Univeraiti. 


Longitude  f^m  Greenwich,  - 

Latitude, ? 

Director:  i— ? 


t^Cooglc 
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OEOEaETOWN,  Britith  Ouiana. 

Observatory. 

LoDgitade  from  Greenwich, 1 

Latitude, 1 

Director: 1 


Olasoow,  Seotland. 
Observatory. 

LoDgitade  from  Greenwidi,  17"  W.G  W. 

Latitade,  65°  62'  42".8  N. 

IHrectors:  J.  F.  JTiCHOL,  1840; 
E.  Geant,  1860. 

Commenced  in  1818  at  the  expense  of  a  society.  Penoanently  or- 
ganized in  1810  with  the  help  of  a  pablic  subscription,  of  one  subsidy 
from  the  TJmversity  and  another  from  the  State.  In  1862  a  special  hall 
was  added  for  an  equatorial,  which  has  an  aperture  of  9  inches:  (0™.23.) 


GoTHA,  Qermany. 


Longitude  from  Greenwich,  42"  60*.53  E. 
Latitude,  50°  5&'  37".5  JT. 
IHrectors:  F.  X.  ton  Zach,  1787 ; 

B.  A.  TOK  LiNDENAU,  1808; 
J.  F.  Encke,  1817 ; 
P.  A.  HAMSBK,  1825 ; 
A.  Keugee,  1876. 
The  first  Obeervatory  was  erected  in  1784  on  the  Seeberg  (Lake  Mount- 
ain) 1^  miles  (two  kilometers)  from  the  town.    One  of  the  first  mural  cir- 
cles constructed  to  replace  quadrants,  made  by  Ramsdbn,  was  mounted 
here.    In  1863  a  new  Observatory  was  built  in  the  Jiigerstrasse,  not  fer 
from  the  ducal  palace. 


GoTTiHGEH,  Prussia. 
KSniglieke  Stemwarte. 


Longitude  from  Greenwich,  '■ 
Latitude,  51°  31'  47".9  K. 


Authority  for  latitude  and  longitude:  "Berliner  Yahrbudi.?,^iQ|c 
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Directors !  J.  A.  Tom  Sbgneb,  1735; 
•  J.  Tobias  Matee,  1754 ; 
G.  M.  LOEMITZ,  1762  i 
A.  G.  Kastmbe,  1764; 
K.  F.  TON  Sbtffbe,  1800; 
O.F.Gauss,  1807; 
Dr.  E.  F.  W.  Klinkeefues,  1866. 
Attixtant:  D.  EElDOEn,  calculator. 

Founded  in  1734,  at  the  same  time  with  the  University,  and  located  in 
one  of  the  ronnd  towers  of  the  ancient  fortification,  around  which  was 
built  an  exterior  gallery.  In  1811  the  Observatory  was  transferred  to  a 
more  snitable  spot  outside  the  southern  gate-way  of  the  town.  This  new 
building  is  on  the  plan  of  a  rectangle,  with  the  longer  sides  facing  east 
and  west.  An  addition  is  made  by  wings  to  the  north,  a  cupola  sur- 
mounts tlie  central  vestibule,  and  a  terrace  encircles  the  whole  struot- 
ore.  In  1818  the  first  meridian  circle  ever  made  and  mounted  in  Europe 
was  placed  there.  The  maker  was  J.  G.  Bepbold. 
Insteumbhts: 
(a)  Meridian  circles :  one  made  by  Repsold,  sr.,  of  Hamburg;  diame- 
ter of  circle,  3J  feet,  divided  to  5';  read  by  two  microscopes  to  1";  aper- 
ture of  objective  4J  inches  {114"");  magnifying  i)ower  ordinarily  em- 
ployed, 96  diameters:  one  made  by  Reichenbach,  of  Munich;  diame- 
ter of  circle  3  feet;  divided  to  3';  read  by  fonr  microscopes  to  0.24"; 
aperture  of  objective  4J  iuches  (109°"°};  magnifying  power  ordinarily 
employed,  50  diameters. 

{b)  Meridian  transit  instrument:  maker,  Eeichenbach,  of  Munich; 
aperture,  4J  inches  (lie™");  magnifying  power,  75  diameters;  (6')  one 
portable,  maker,  Eetel,  of  Munich. 

(c)  Equatorial  instrument:  maker,  Peauenhopee,  of  Munich;  aper- 
ture of  objective  2.9  inches  (74"");  magnifying  power  of  eye-piece,  75. 
(c*)  Five  telescopes:  makers,  Ist,  Mebz,  of  Munich;  6  feet  long,  aper- 
ture 5  inches;  2d,  Steesheil,  of  Munich ;  5  feet  long,  aperture  4  inches; 
3d,  DOLLOND,  of  Munich;  4  feet  long,  aperture  3J  inches;  4th,  Dol- 
LOKD,  of  Munich;  3  feet  long,  aperture  3  inches;  5th,  Plossl,  of 
Vienna;  28  inches  long,  aperture  2J  iuches.  Three  cdmet-seekers: 
makers,  1st,  Mbez,  of  Munich;  6  inches  aperture;  2d,  Mebz,  of  Mu- 
nich; 3  inches  aperture;  3d,  VoiQTLSriDEE,  of  Brunswick;  2J  inches 
aperture. 

[d)  Spectroscope:  by  Meez,  of  Maoich. 
(/)  Chronograph :  by  Ausfbld,  of  Gotha. 

{(j)  Clocks:  one  mean  time;  maker,  Castbhs;  two  sidereal:  makers, 
Ist,  Hahdy,  of  London;  2d,  Bhelton. 

(h)  Chronometers :  four  mean  time;  makers,  1st,  Beethoud;  2d,  Sack- 
manh;  3d  and  4th,  Knoblich;  5th,  Haedt,  sixtieth  part  of  a  second. 

(t)  Miaccllaneom :  heliometer  by  Feauenhopbe,  of  Munich ;  theodo- 
lites, one  by  Eeichbnbach,  two  by  Mbteestein;  sextants  by  Caey, 
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Tboughtoh,  Fistob,  Stbinhsil,  and  Bbeithaupt;  two  heliotropes 
by  Mbteestbes. 

Obseetatiohs  DUBma  the  past  tear: 

(b)  Observations  on  planets  and  comets. 

(o)  Observations  on  comets  with  the  six-foot  refractor  of  Mebz. 

PbIMCIPAL  FOBLIOAIIOH  DUHIKG  PAST  YEAR,  1880,  1881.     Pro£  Dr. 

Klinkebfttes:    Tobias  Mayer's  grSssere  Mondkarte,  nebst detailzeich- 
nangen,  13  Karton,  mit  Text. 


GOEENWICH,  England. 
Royal  Observatory. 
Longitude  from  Washington,  6"  8"  12'.09  B. 
Latltnde,  61o  28'  38".4  N.     . 

Aathority  for  latitude  and  longitade :  Nautical  Almanac,  Oreeuwioh 
observations  18TS. 

Directors:  J.  Flausteed,  1675; 
E.  Hallbt,  1720; 
J.  BbADLBY,  1742 ; 
N.  Bliss,  1762; 
jS.  Maskelyne,  1765; 
J.  POMD,  1811 ; 

Sir  G.  B.  AiET,  K.  C.  B.  (Astronomer  Eoyal),  1836. 
Chief  assistant :  W.  H.  M.  Ghbistie. 
First-class  assistants :  Edwin  Dunkinj 
G.  S.  Cbiswick. 
86cond-cla»s  Msietants:  A.  M.  "W,  DOWNING; 
E.  W.  Madndbe; 
W.  G.  Thackeray; 
And  one  vacancy. 
Foonded  by  royal  statute  on  the  4tli  May,  1675.    Built  In  the  park  at 
Greenwich  by  Chbistopheq  Wbbn,  architect.    At  hrst  it  consisted 
mo^ly  of  an  octagonal  tower.    In  1860  Flamstebd  put  up  an  addi- 
tional wing  to  accommodate  the  mural  sector,  with  the  help  of  which  he 
made  his  catialogae  of  stars.    The  board  of  visitors  was  created  in  1710. 
In   1749  and   the  years  immediately   following  great  improvemente 
and  additions  were  made.  The  sector  nsed  by  Beadley  in  discovering 
the  phenomenon  of  aberration  was  transferred  to  Greenwich,  and  Bibd 
sapplied  a  mural  qaadrant  with  a  radius  of  7  feet  10^  inches  (2''.4), 
besides  remodeliug  the  one  made  by  Gbaham.    A  statute  of  1765  con- 
firmed the  right  of  supervision  vested  in  the  Royal  Society  and  exer- 
cised by  the  board  of  visitors.     In  1770  two  revolving  domes  were  con- 
structed upon  the  turrets,  and  these  bave  served  as  models  for  all 
revolving  turrets  since  constructed.     In  1772  the  first  achromatic 
object-glass  ever  used  at  Greenwich  was  attached  to  the  south  quad- 
rant.   It  had  an  aperture  of  2§  inches  (68  millimeters).    In  17.79  the 
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expediency  of  enlargiDg  tbe  meridiaD  openings  was  acknowledged; 
hitherto  the  aperture  had  only  been  6  inches  (0™  15'). 

At  the  beginning  of  the  present  century  it  became  necessary  to  re- 
build the  Observatory,  and  the  work,  contiutiing  nutil  1811,  consisted  in 
the  constmctioQ  of  two  rectaogular  buildings,  the  eastern  one  being  the 
Observatory  proper  and  containing  halls  for  the  meridian  instruments, 
the  library,  and  office,  while  the  western  structure  was  intended  for  the 
dwelling-house  of  the  sai)etinteadeQt.  It  was  in  one  of  these  new  halls 
that  the  first  model  of  a  mural  circle,  5  feet  {V,  £)  iu  diameter,  cou- 
Btructed  by  E.  Thoughton,  was  placed  in  1812. 

Tbe  present  organization  of  Greenwich  Observatory  dates  from  a  royal 
statute  of  1830.  According  to  the  terms  of  this  statute  the  board  of 
visitors  consists  of  the  members  of  the  Royal  Society,  the  members  of 
the  Astronomical  Society,  and  the  Oxford  and  Cambridge  professors  of 
astronomy.  In  1844  tbe  first  altazimuth  was  set  up.  It  was  designed 
by  Airy,  and  made  by  Bansoue  &  ilEuz  and  Tboughton  &  Simhs, 
being  intended  for  lunar  observations. 

As  a  finishing  toach,  the  immense  dome  to  the  soatheast  was  built  in 
1859  for  the  reception  of  tbe  equatorial  of  W.  SIMMS,  with  an  object- 
glass,  by  Or.  Mebz,  having  a  focal  length  of  34  feet  5  inches  (10"  ^) ; 
now  used  for  spectroscopic  work. 

The  observations  made  annually  at  Greenwich  have  been  published 
regularly  siDce  1765.    In  tbe  first  volume  of  this  publication  we  find  the 
first  notice  of  the  illumination  of  tbe  reticulation  in  a  meridian  instru- 
ment by  means  of  the  axis  of  the  spy-glass. 
Instruments  : 

(a)  Meridian  circle:  one;  makers,  R&nbomes  &  May  (engineerfi), 
Tboughton  &  SIMMS  {opticians) ;  diameter  of  circle,  72  inches ;  divided 
to  5' ;  read  by  six  microscopes  to  0".06 ;  four  supplementary  microscopes 
for  determination  of  division  errors  and  occasional  use:  aperture  of 
objective,  8.1  inches ;  for  observations  of  the  sun,  aperture  employed, 
8.1;  magnifying  power  ordinarily  employed,  195  diameters. 

{b')  AUazimuth:  makers,  Ranbomes  &  MAT  and  W.  Simms  ;  aperture, 
4  inches.  Magnifying  power,  100 ;  diameter  of  circles,  3  feet,  divided 
to  5'. 

(c)  Equatorial  instrvmenta :  makers,  Baksomes  &  SIMMS  (engineers) 
Trotighton  &  SnoK  (opticians),  Mebz  (objective) ;  aperture  of  object- 
ive, 12.8  inches;  magnifying  power  of  eye-pieces,  60  to  1500.  (&)  Sheap- 
ghanJi'a  equatorial :  makers,  T.  Gbubb,  Cauchoix,  (objective);  aperture 
of  objective,  6J  inches.  Naylor  equatorial:  maker,  T.  Cooke,  of  York; 
aperture,  6  inches.  Shiickburgh  equatorial :  maker,  Bamsden;  aperture^ 
4.1  inches. 

{d)  Spectroscopes:  half-prism  spectroscope;  maker,  Hilger.  Direct 
vision :  one,  two,  or  three  compound  "  half  prisms"  with  disi>ersioQs  (A 
to  H)  of  about  18 JO,  83°,  and  335°.  Single-prism  stereoscope:  Makers, 
Tbouohton  &  SniMS;  one  flint  prism.  , 

U,j,,,;Jt,L.OOglC 
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(e)  Photometer:  Aiey's  doable-image  micrometer;  makers,  Trough- 
ton  &  SIMMS. 

(/)  Chronograph  :  makers,  E.  Dent  &  Co. 

{g)  Clocks:  ooe  meantime;  makers, Shsiphbbd  &  Son:  one  sidereal; 
makers,  E.  Demt  &  Co.,  Hahdt,  Arnold,  Geaham. 

(h)  Chronometers :  mean  time ;  makers,  varions.  There  are  always  on 
hand  a  large  number  rated  for  the  navy ;  some  of  these  are  used  when 
necessary  for  the  Observatory.    Sidereal ;  none  of  accurate  character. 

(t)  MisceUaneout ;  Pbotoheliograph ;  maker,  Dallheyeb  ;  aperture  of 
objective,  4  inches.  Several  portable  telescopes ;  aperture,  4  inches  to 
2f  inches.  Five  other  6-inch  eqnatorials  (packed  in  eases)  retnmed 
(hjm  Transit  of  Venna  Expedition,  1874.  Five  3-uich  portable  transits 
by  Sdkus  ;  one  14-inch  alt-azimuth  by  Snots ;  three  X4riDch  altitude 
instruments  by  Simms  ;  four  photoheliographs  by  Daxlmeyee  {all  re- 
turned from  the  Transit  of  Venus  Expeditions,  1874). 

Obseetationb  dttrtng  the  past  tbae  and  woek  peoposed 
for  the  coming  yeab  (1881) : 

On  all  the  points  mentioned  here-very  fnli  information  will  be  found 
in  the  "  Introduction  to  the  Greenwich  Observations''  and  in  the  "As- 
tronomer Boyal's  Report  to  the  Board  of  Visitors". 

Peincifal  publications  op  the  Observatory  during  the 
YEAR  1880: 

The  following  are  included  in  volume  of  Greenwich  observations  and 
also  published  separately :  Greenwich  observations  for  1878,  published 
in  London  (H.  M.  Stationery  office),  884  pages;  Astronomical  results; 
Spectroscopic  and  photographic  results ;  Magnetical  and  meteorological 
results;  Introduction  to  Greenwich  observations;  Bates  of  chronome- 
ters on  trial  for  purchase,  1879 ;  Beport  of  Astronomer  Eoyal  to  board 
of  visitors,  7  June,  1879 ;  Spectroscopic  and  photographic  results,  1879. 


Halifax,  England. 
Bermerside  Observatory,  Sldreoat, 


Longitude  from  Greenwich,  ■ 

Latitude, T 

Director: ! 


Hamburg,  Qermany. 


Longitude  from  Greenwich,  39"53».7  E. 
Latitude,  63°  33' 7"  H". 

n,g:,.-,;dtyGOOglC 
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■   Directors:  MOSEB,  1823; 

K.  L.  C.  KtJMKEE,  1830; 

Dr.  Gbobg  F.  W.  Eumkee,  1863. 

Secretary:  Dr.  Cael  Schbadeb. 

Bailt  by  J.  G.  Bepsold,  in  1810,  upoo  a  location  near  the  Altona 
gate;  destroyed  by  the  French. in  1813;  rebuilt  in  1826,  throagh  ft  leg- 
acy left  by  Gbeix,  upon  the  site  of  the  old  ramparts,  and  still  in  the 
neighborhood  of  the  Altona  gate.  It  ha^  a  central  hall  for  meridian 
instruments,  and  two  wings  surmounted  by  turrets.  The  east  wing  is 
used  for  a  school  of  navigation. 


Helsingpoes,  Russia. 

Magnetnaia  e  MeteoroIotfichesJcaia  Obsertatoria, 

Longitude  firom  Greenwich,  V'  39"  49M6  E. 
Latitude,  60°  9'  43".3  H". 
Directors :  P.  W.  A.  Aegbi,andee,  1829 ; 
G.  Luwdahl,  1841 ; 
F,  "Wajldstbdt,  1852; 
A.  KEtJGEB,  1852. 
Founded  in  1829,  near  the  TJniTersity,  after  the  fire  at  Abo  had  de- 
stroyed the  scieutiflc  instruments  of  that  Finnish  town.    It  was  at  Eel- 
singfoTs  that  AsaELAiniEB  completed  and  published  his  famous  cata- 
logue of  the  proper  motionsof  the  stars.    This  Observatory  is  the  most 
northerly  in  the  world  (latitude  60°  9'). 


Ipswich,  England. 
OrweU  Parle  Observatory. 


Longitude  from  Greenwich,  - 

Latitude, 1 

Director : S 


Jena,  Saxe-  Weimar. 

Stemwarte. 

Longitude  from  Greenwichj 1 

Latitude, 1 

Directors:  J.  F.  Possblt,  1820 ; 

L.  ScHEON,  1852; 

E.  Abbe,  1878. 
Built  in  1820  m  the  same  garden  where  Schilleb  wrote  Wallenstein. 
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Kalocsa,  Hungary. 

Kalocaa  Observatory. 

Longitude  from  Greenwich,  —  t 

Latitude, 1 

JHreetor : 1 


Eablsbuhe,  Badm. 

Btemxcarte. 

Longitude  from  GroeuTich, 1 

Latitude, 1 

JHreetor:  W.  Valemtinee. 
Transferred  from  Mannheim  in  1879. 


Eaban,  £umm. 

Obaervatoria, 

Longitude  from  Greenwich,  S"- 16"  28».9  E. 
Latitude,  66°  47'  24".2  N. 
Directors:  J.  J.  LiTTEOW,  1814 j 
J.  M.  SmOHOPF,  1816 ; 
M.  LiAPTJMOW  {or  Lepoumopf),  1840 ; 
M.  KOWALSKI,  1854. 
Founded  in  1814  by  the  University.    Conatmcted  upon  a  very  aolid^ 
ancient  structure;  square  tower,  23  feet  (seven  meters)  in  height    The 
aouthem  gallery  a^oina  a  wooden  shed  at  ita  weat  angle,  which  has  a 
movable  roof.    The  boilding,  with  a  portion  of  the  instruments,  was 
bnmed  on  the  occasion  of  a  fire  which  destroyed  part  of  the  town  on  the 
6th  September,  1842.    Immediately  restored. 


Kew,  England. 

Kew  Observatory. 

Longitude  from  Greenwich,  1"  16M  W. 
Latitude,  51°  28' 6"  K 
JHreetor: ! 

n,g:,.-,;dtyCOOglC 
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Khabkopp,  Bimia.    (Charkow.) 

Observatoria. 

LoDgitade  fipom  Greenwict,  2"  SI"  54".7  E. 
Latitude,  60o  (K  10".2  N. 
Director:  J.  Fbdoeenko. 
Recently  established. 


Kiel,  Prussia. 

Konigliehe  Stemwarte, 

Longitude  fi^m  Greenwich,  40"  35».76  E. 
Latitude,  W=>  20'  29".7  N. 
Direetors :  0.  A.  F.  Petees,  1873 ; 

'     Prof.  Dr.  A.  Keuegbb,  1880. 
Pounded  in  1873  by  the  transfer  of  the  Observatory  from  Altoua. 
(See  Altona.) 


Ohierva4oria, 

Longitude  from  QreeDwich,  2^  2"  0».64  B. 
Latitude,  500  27' 11".1N. 

Directors:  Feadoeow,  1838  ; 

A.  SCHIDLOPFSKT,  1865; 

M.  K.  Lakdricopf,  1872, 
Established  in  1S38  as  an  annex  to  the  UniTersity. 


KiLHAEKOCK,  Scotland. 
Observatory. 


Longitude  firom  Greenwich,  - 

Latitude, 1 

Director : 1 


Kjobehhavm,  Denmark.    (Oopenhagen.) 

Universitets  Astronomiske  Observatorium. 

Longitude  from  Greenwich,  60"  19*^  E. 

Latitude,  65°  41'  13".G  N. 

Directors:  0.  Lumbobg  (Latin,  Longomontanus),  1637; 

T.  Baetholin,  1647 ; 

O.EOEMBR,1681i  ,.„,..u.L.OOglc 
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PeTBB  I.  HOBBBBOW,  1714; 

C.  HOBEBBOW,  1753; 

T.  BUOGB,  1777; 

H.  0.  SCHnUACHKB,  1815; 

Von  Caeoc,  1822 ; 
C.  F.  E.  Olupseh,  1832 ; 
H.  lyABBEaT,  1866; 
T.  N.  Thiele,  1876. 
Assistants:  BoejexlgbOp; 
PBCHtJLB. 

Founded  in  1637,  but  only  completed  in  1656,  The  first  edifice  was 
destroyed  by  fire  tlie  20tli  of  October,  1728.  The  Observatory  was  re- 
establislied  in  the  round  tower  belonging  to  tbe  University.  In  1820 
a  w^ooden  addition  was  made  to  it  on  the  Holken  bastion.  Finally,  in 
1867,  it  was  reorganized  and  removed  to  tbe  glacis  of  the  fortress  be 
tween  tbe  citadel  and  tbe  Ostertkor  (eastern  gate). 

KOmGSBEBO,  Prussia. 
Universitats  Stemwarte, 
longitude  from  Greenwich,  V'  21"  58'.91  B. 
Latitude,  64°  42'  60".6  N. 
Directors:  Z.  W.  Bessel,  1811; 
A.  L.  BUSCH,  1849; 
M.  L.  G.  WiCHMAim,  1866 ; 
Prof.  E.  LUTHEB,  1860. 
Constmcted  in  1811  on  one  of  tbe  most  elevated  points  of  the  ram- 
parts to  tbe  northwest  of  tbe  town.    A  main  building  divided  into  two 
great  halls — a  northern  and  a  southern.    Two  wings — one  the  meridian 
ball,  the  other  an  addition.    With  the  use  of  a  meridian  circle,  made  by 
Beichenbace  and  Ebtei.,  0<°  97  in  diameter,  Besbel  and  bis  assistants 
accomplished  tbe  work  known  as  tbe  "KSnigsberg  Zones,"  giving  the 
exact  positions  of  62,000  stars  between  tbe  parallels  of  — 15°  and  +  45o. 
This  great  undertaking  was  begun  19tb  August,  1821,  and  fiuished 
January  21, 1833. 


Keakau,  Aitstria.    (Cracow.) 
E.  K.  Stemwarte. 
Longitude  from  Greenwich,  l"*  19"°  60»,B  E. 
Latitude,  60°  3'  60"  S. 
Directors:  J.  J.  VON  Littbow,  1807; 
J.  Leski,  1811; 
M.  Wbissb,  1825; 
Prof.  Dr.  Francis  M.  Kablimbkt,  1864. 


t^Cooglc 
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AssisUmts :  Dr.  Daniel  Wibezbioki  ; 

John  Balsei.  ^ 

Established  in  1807  as  an  annex  to  the  UniTerBity.  Tamed  into  a 
povder  magazine  by  the  French  in  1809.  Set  up  once  more  on  •%  spot 
a  little  to  the  north  of  the  first  building. 


Keeussiunsteb,  Auntria. 
Sternwarte. 
liongitnde  Irom  Greenwich,  56'°  32*.  2  E. 
Latitude,  48°  3'  23".  7  N. 
IHrecfora:  A.  Desing,  1748; 

P.  Fixlmillnbe,  1761 ; 
T.  Dbefflihgee,  1791; 
B.  SOHWABZBNBBTJNKEB,  1824; 
M.  KOLLEE,  1830; 
A.  Rbslhubee,  1847; 
G.  Stebsseb,  1875. 
Foanded  in  the  convent  of  the  Benedictines  in  174S;  bndt  in  the  con- 
vent garden  at  the  northern  extremity  of  the  buildings.    The  Observa- 
tory consists  of  a  massive  tower,  eight  stories  high,  with  two  wings  of 
five  stories. 


Kronshtadt,  Bussia.    (Gronstadt.) ' 
Morakaia  Astronomickeskaia  Obaervatorm. 

Longitude  from  Greenwich, 1 

Latitude,  1 

JHrectors:  V.  Fuss,  1840; 

A.  F.  Gbioobieff. 
Astiatant:  P.  S.  Shubih. 
Observatory  of  the  school  <>f  pilots.    Founded  about  1840. 


Leipzig,  Saxony. 
UniversitUts  Sternicarte. 
LoDgitnde  from  Greenwich,  49"  34".  02  B. 
Latitude,  51°  20'  6".  3  N. 
Directors  t  0.  F.  EiJDiQER,  1794; 

K.  B.  MOLLITEBDE,  1811 ; 
A.  F.  MOEBlus,  1816; 
G.  A.  JAHH,1845; 
C.  0.  Bbuhns,  1860. 
Constructed,  from  1787  to  1794,  upon  the  great  tower  of  the  caatle  of 
Pleissenborg.    A  new  Observatory,  sitnated  at  the  extreme  end  of  one 
of  the  snbarbs,  took  the  place  of  the  old  one  in  1861.        -  ^' '-'  '^^^^  I  ^' 
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Leubbbo,  AuatriA. 
Observatory  of  the  University 


Lbysbn,  Holland. 

BijVs  Observaiorium. 

Longitude  firom  Greenwich,  17"  Sff^S  E. 
Latitude,  52°  9'  20"  N. 
JHrectors:  J.  GOLrDS,1632; 

8.  C.  Kbchbl,  1667; 

G.  Meldeb,  1668; 

B.  BE  YOLDBB,  1682; 

L.  ZXTWBACH  DE  KOBSFBLD,  1705; 

■    W.  J.  s'Geatbsbudb,  1717  j 

J.  LULOFS,  1742 ; 

D.  VAN  DB  WlJHPBESSE,  1768; 

p.  BriBTTWLAND,  1794; 

J.  A.  Fas,  1797; 

J.  F.  Van  Beek-Calkoen,  1799; 

G.  £.  Kama,  1812 ; 

F.  Eaisbb,  1837; 

H.  6.  VAN  DB  Lande  BAEnUIJZBN,  1872. 
Founded  in  1632.    The  most  aacieiit  of  eslstiiig  Observatories  io 
Europe.    Originally  built,  as  a  great  tower  for  the  town  cloek,  1636. 
Enlarged  in  1689.    Bepaired  in  1817.    lu  1858  a  new  Observatory  was 
commenced,  and  completed  in  1860. 


Lbyton,  Essex,  England. 
Barclay  Observatory. 

Longitude  from  Greenwich,  CST  W. 

Latitude,  51°  34'  34". 

Authority  for  latitude  and  longitude.  Ordnance  Surrey. 

Director:  Ohablbs  Geobgb  TALMAaB,  F.  B.  A.  S. 
Instbumbnts  : 

(a)  Meridian  eirclea :  makera,  Houghton  and  Simub  ;  diameter  of  oir- 
cles,  36  inchea,  divided  to  5';  read  by  4  microscopes  to  0".  1;  aperture 
of  objective,  4  inches ;  for  observations  of  the  sun  aperture  employed,  1 
inches;  magnifying  power  ordinarily  employed,  80  diameters. 

{o)  Equatorial  instrument:  maker,  CoosE,  Yorfej  aperture  of  objee- 
tive,  10  inches ;  magnifying  power  of  eye-pieces,  70  to  1200. 

{g)  Oloek:  sidereal;  maker,  Sihuonds,  London.  LiOOQIc 
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Obse;btations  dubinq  the  past  YBAK  (1880) : 
(«)  Clock  stars. 

(c)  MeaaureB  of  binary  stars,  comets,  eclipses,  occaltations,  and  satel- 
lite plieoomena. 

Work  peoposbd  foe  the  ooMiNa  trae  (1881) : 
Satellites  of  Satom,  binary  stars,  comets,  and  occaltatioQS. 

PEINOIPAI.  publications  OT  the  ObSEEVATOET  DXJEINa  THE 
TEAR  1878 : 
G.  G.  Talsiage,  LeytOD  Astronomical  Observations,  vol.  4,  London, 
127  pp. 

Additional  ikfoemation: 
The  Observatory  is  provided  with  double and  ring  microm- 
eters, TFith  an  extra  3-inch  telescope,  and  a  small  transit  instrument. 


Lisbon,  Portugal 

Observatorio  Aatronomico  da  Tapada  de  Aloantara. 

Longitude  from  Greenwich,  36"  U'M  W. 
Latitude,  38°  42'  31".3  S. 
Directors:  G.  B.  Garbone,  1722; 

M.  j>o  Bspieito-Sahto  Lehpo,  17—; 

P.  J.  M.  GlERRA,  1806 ; 

M.  V.  DO  CoNTo,  1823  i 

F.  DA  SlLTEIEA, ; 

T.  A.  DOM,  1876. 
Established  at  the  Jesuits'  College,  1722;  adopted  by  the  Btato  in 
1758.    A  new  Observatory  was  built  in  1857. 


Lisbon,  Portugal. 

Olaereatorio  Aatrottomico  na  Eaoola  Pol]ftecniea. 

Longitude  from  Greenwich, 1 

Latitude, 1 

Director:  1 

For  the  instruction  of  students  only. 


Lisbon,  Portugal. 

Observatorio  de  Marinha. 

Longitade  from  Greenwich,  36"  25"  W. 

LaUtude,  38°  42'  17".6  S. 

Director:  FeANGISCO  de  FaulA  Febreira  DE  MrsQUITA. 

Established  in  179a  ij,j ,,  ,j  j  L,ooqIc 
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Liverpool,  EngUmd. 
Observatory. 

Longitade  from  Greenwich,  12°  17».2  W. 

Latitade,  53^  24'  i"  If. 

Director :  J.  HabtNUP,  18i5. 

Founded  in  183S  by  the  mauicipal  council ;  completed  in  1848.  Trans- 
ferred to  Birkenhead,  on  the  opposite  bank  of  the  Mersey,  in  1867.  It  is 
provided  with  an  apartment  for  the  examination  of  chrobometerB,  where 
the  temperature  can  he  raised  by  means  of  a  gas  heater.  The  eqoato- 
rial  is  moved  by  clock-work,  set  in  motion  by  hydraalic  power.  The 
time-signal  is  given  to  the  shipping  by  firing  a  cannon. 


Ih>ndon,  England. 

Private  Observatory. 

Longitade  from  Greenwich, 1 

Latitude, 1  ■ 

Director:  Mr.  Geobge  Bishop.    (Now  discontjnoed.) 


LoNDOK,  England. 
Tulse  Hill  Observatory  [  Upper  TuUe  SHI,  London,  8.  W.].    • 

Longitade  from  Greenwich,  27".7  W. 

Latitude,  SI©  26'  47"  K 

Director:  1 

Founded,  1856.    Altitude,  170  feet  above  level  of  the  sea. 
IMSTBTJMBNTS: 

An  equatorial  instrument  by  Obtjbb,  of  Dublin,  so  constructed  that 
either  a  refractor  of  15  inches  aperture  and  15  feet  focal  length,  or  a 
GASSEOBiaN  reflector  with  metallic  speculum  of  18  inches  aperture  may 
be  placed  at  pleasure  on  the  same  equatorial  mounting,  so  that  with 
either  instrument  the  circles  read  sufficiently  for  the  finding  of  objects. 
The  driving-clock  has,  in  addition  to  the  usual  governor  balls,  a  second- 
ary control  of  a  pendulum  in  electrical  connection  with  a  standard 
clock. 

,  Up  to  1870,  when  the  present  equatorial  was  erected,  a  transit  circle 
of  3|  inches  aperture  was  mounted  in  the  Observatory.  At  that  time 
the  principal  instrument  the  Observatory  contained  was  an  8-inch  re- 
fractor by  Alt  AM  Clark,  mounted  equatorially  by  Cooke,  of  York. 

There  is  a  fine  sidereal  clock  by  Arnold,  and  various  spectroscopes 
for  nse  with  the  telescopes  on  the  sun  and  stars;  and  there  has  been 
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recently  added  a  spectroscope,  with  Iceland  spar  prism  and  qa^rtz  lenBes 
for  photography  of  spectra  of  stars. 

Underneath  the  Observatory  are  two  rooms,  one  devoted  to  chemistiy 
and  photography,  the  other  to  physical  experiments  in  connectioD  with 
Kpeetrum  analysis. 

WoEK  IN  1880: 

Continaation  and  completion  of  a  series  of  photographs  of  spectra  of 
various  stars.    Researches  in  connection  with  these  spectra. 

(See  Philosophical  Transactions  of  Eoyal  Society  of  London,  1880, 
Part  I,  p.  669.) 


LuBECK,  Qermawff. 
Stemwarte. 
LoDgitade  trcai  Qreeuwich,  42™  46'.55  E. 
Latitode,  53^  61'  31".2  N. 
Director:  -1 


liUiTD,  Sweden. 
Lund  Obtervatory. 

Lon^ptade  from  Greenwich,  52"  45*.02  E. 
Latitude,  55°  41'  62".05  N. 

Authority  for  latitude  and  longitnde:  TJudersokning  af  Meridian 
cirkela  pii  Lunds  Observatorium  jemte  bestiUnmlng  af  deutammas 
folbSjd  af  And.  Lindstedt.  Bestimmung  der  LSngen-Differenz 
zwiBchen  Berlin  nnd  Lund,  auf  telegrapbiscbem  Wege  ansgeflUirt  im 
Jahre  1808.    Herausgegebeu  von  C.  Bruhns. 

Directors : ; 

A.  LiDiQBBEK,  1786; 

,  1815; 

J.  M.  AgaeDT,  1847; 
Axel  'M.oi.l.Tni,  prof esaor  of  astronomy. 
Assistants:  N,  C.  Dttn^r,  observer; 

P.  EngstrOm,  cand.  phil. 
Founded  as  a  dependency  of  the  University  about  1760.    Eeoi^ftnized 
in  1866. 

Instruments: 
(o)  Meridian  circle:  one;  makers,  A.  &  G.  Eepsold,  in  Hamburg; 
diameter  of  circles,  39  inches  (1  meter);  divided  to  2';  read  by  4  micro- 
scopes to  0.1";  aperture  of  objective,  6J  inches  (leS""};  magnifying 
power  ordinarily  employed,  173  diameters. 

(e)  Eguaterial  instruments:  makers,  G.  &  S.  Mebz,  in  Munich,  and  E. 
JtJNEt&B,in  Copenht^aien;  apertureof  obJ€ctive,9Jinche8(246"'°);  mag< 
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iiifying  poTftre  of  eye-pieces,  80  to  1,300  diameters.  {&)  Makers,  A. 
Steinheil,  in  Mauicli,aiidE.Jt}KGEB,  in  Copenhagen;  aperture  (^  ob- 
jective,  4^  inches  (108"™);  magnifying  powers  of  eye-pieces,  16  to  200 
diameters. 

(d)  Universal  spectroscope  by  O.  &  8.  Mebz,  in  Munich,  with  3  sets  of 
priemB  A  vision  directe.  (d')  Simple  spectroscope  by  Heustseu,  in  Kiel, 
GOnatrncted  after  the  indication  of  Professor  Yogel,  in  Potsdam. 

(f)  Ohronograph :  one  by  Mateb  &  Wolp,  in  Yienna. 

(j7)  Clocks:  sidereal  time;  one,  maker,  Kebbbls,  in  Altona:  one, 
maker,  Tiede,  in  Berlin. 

(A)  Ozonometer:  meantime;  maker,  Kessels,  in  Altona. 

(t)  One  universal  instmment  by  Eepsold,  in  Hamburg;  3  telescopes 
by  DOLLOND,  Mebz,  and  FLdssL. 

Obbebtatiohs  ddbino  the  past  teak  (1880) 

(a)  11,859  positions  of  stars  in  .the  zone  34^  50'  to  40°  10'  of  north 
declinatioa. 

(c)  {&)  Measures  of  double  stars;  observations  of  comets;  observsr 
tions  of  variable  stars. 

(d)  (d')  Spectroscopical  researches  on  red  stars. 

Wobe:  pboposed  fob  the  coMiNa  yeab  (1881): 
The  same  as  in  1880. 

PBINCIPAL  publications  of  the  ObSBBVATOET  DUEING  the  YEABt 

Axel  Molleb  :  Ephemeride  fitr  Fayes  Comet,  published  in  the  Ber- 
liner Jahrbach,  1882. 

Atf.t,  MdLLEB :  Ephemeride  fiir  Pandora,  published  in  the  Berliner 
Jahrbuch,  1882. 

N.  C.  DuK^B:  Ephemeride  fUr  Panopela,  published  in  the  Berliner 
Jahrbuch,  1882. 


LroK,  France. 
Aatrmiomical  and  Meteorological  Observatory. 

Longitude  firom  Greenwich, T 

Latitude, 1 

Director:  C.  Ande^,  1877} 
M.  Anbb^ ; 

Assistant :  M.  Goxnessiat. 

There  was  an  Observatory  in  existence  in  the  eighteenth  century  at 
the  Jesuit  College,  where  Fathers  Bonnet,  BSbauld,  Lee^ybe,  and 
Lapon  made  observations.    The  new  Observatory  was  fonnded  in  1877. 
Instbdments  : 

(a)  Meridian  circle:  maker,  Eichens;  diameter  of  circles,  23^  inches 
(0°.B0),  divided  to  5';  read  by  1  microscopes  to  0".i;  aperture  of  object- 
iTe,  6  inches ;  for  observations  of  the  son,  aperture  employed,  6  inches ; 
ma^ifying  power  ordinarOy  employed,  300  diameters. 
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(b)  Meridian  transit  mstrument:  maker,  BiaAUT ;  apertare,  2  inches; 
nuvgnifying  power,  160  diBineters. 

(^)  €lock» :  two  sidereal ;  makers^  Bb^qijei  &  B^ibb,  Faris. 

(h)  Chronometers:  mean  time;  makers  Bb^ouet,  Paris:  Bidereal; 
maker,  Bs^auBT,  Paris. 

WOEK  PBOPOSED  FOE  THE  COMING  TBAE  (1881) : 

The  mraidian  circle  is  to  lie  employed  for  zdne  observations. 


Madeas,  India. 

Madras  Observatory, 

liongitnde  from  Greenwich,  S*"  20"  58*.4  E. 
Latitttde,130  4'8".lK 
Direetora :  J.  Goldengham,  1787. 

Waeeen  (intermediate),  180B; 

J.  GOKDINGHAU,  1811; 
S.  G.  Tatloe,  1830 ; 
W.  S.  Jacob,  1848  ; 

Woestee  (intermediate),  1854; 

W.  S.  Jacob,  1865; 

J,  F.  Tbhnbnt,  I860: 

N.  B.  POGSON,  1860. 

Founded  in  1787  hy  the  East  India  Company. 


Madeis,  ^ain. 

Observatorio  de  Madrid. 

Longitnde  from  Greenwich,  14™  45*.4  W. 
Latitude,  40°  24'  30".N. 
Sireetors:  J.  Cabonado,  1790; 
■J.  RODEIGUEZ,  1817; 

Ba  VIA,  1821; 

D.  FONTAN,  1836; 
Palo  Maeuz,  1850; 
A.  Agtiilab,  1860; 
Established  at  Baen  Betiro  in  1790.    When  the  French  occnpied 
Madrid  in  1808,  they  set  ap  a  battery  nt  that  place  and  the  instruments 
were  destroyed  by  a  fire.    The  Observatoiy  then  abandoned  was  not 
restored  nntil  1846.    In  1852  the  gronnds  were  enlarged,  and  a  pavilion 
with  a  revolving  turret  was  erected. 
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Manila,  Philippine  Iilanda, 

Observatorio  del  Ateneo  MurwApai. 

LoQgitade  firom  Greenwich,  — ^ — t 

Latitnde,  140  36'  S. 

IHreotora:  J.  Vebnaoai,  1804; 

P.  F.  Faitba, {?). 

Temporary  installation  in  1804.    The  institation  became  pomanrait 
aboatlS24.  - 


MAmTHEm,  Aodm. 

Qrosahenogliehe  Stemwarte. 

Longitude  Itom  Greeowicb,  3tP>  50^.62  E. 
Latitude,  49C29' 11"  IT. 
JHreotors:  C.  Mabgbb,  1764; 

K.  J.K6HIG,  1783; 

J.N.  FiSOHBB,  1786; 

P.  TJhqbbohiok,  1788; 

B.  Baeht,  1788; 

H.  0.  SOHUMAOHBB,  1813; 

F.  B.  G.  NIOOLAI, J 

A.M.]irBLLE,  1852; 

E.  SOHONFELD,  1859; 

W.  Vaibbtiuxb,  1875. 
First  established  in  the  Electoral  Castle  of  ScbroetziogeD,  6^  miles 
(ten  kilometers)  from  Mannheim,  and  in  1772  remored  to  the  weat^of  the 
town,  where  it  was  located  in  a  tower  105  feet  (32  meters)  in  diameter, 
with  remarkably  thick  walls.  In  operation  from  1794  to  1801.  Trans- 
ferred recently  to  Kahlseuhb.    ( See  KarUrvM.) 


Mabbuso,  Germany. 

Sternwarte. 

Longitude  from  Greenwich,  36"  5*  B. 
Latitude,  50°  48'  46".9  S. 
Director : ? 

MAE8EILI.E,  JVano*. 

Obiervatoire, 

Longitude  from  Greenwich,  ^™  34*.64  B. 
Latitude,  43°  18*  19".l  N.  .  . 

Directors  :  A.  F.  LatAl,  1702; 
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B.  PBEENM,  1788 ; 

G.  8AIKT  Jacqtjbb  de  Siltabbllb,1764j 

J.  J.  O.  Shtlis,  1793 ; 

Blampaise,  1811; 

J.  F.  A.  Gambabt,1822; 

B.  Yaiz,  1835; 

E.  Stephan,  1868. 
The  Society  of  Jesas  bad  an  Oba«rvatoiiy  at  their  Ct^lege  of  Sainte 
Croix,  foanded  1702.  In  1749  this  scientiAc  iostitation  was  taken  in 
band  by  tbe  Ministry  of  Marine.  It  ib  a  thfee-vstery  bnUding,  longest 
icon  «a8t)  .to  west,  erected  on  the  aamuit  of  the  ButU  dea  MoMUna.  In 
1797  this  Obserratoiy  was  repaired.  A  new  eBtabtiahmeiit  was  enoted 
in  1869  on  tbe  hill  of  Longt^iampe,  to  supplement  tlie  votk  at  tlie  Paris 
Obserratory.    The  instmrnents  are  distribat^d  in  se^amte  apartmeiitH. 


Mblbouene,  Victoria. 
Melbourne  Obsereatorp. 

Longitade  from  Greenwich  9"  39°"  54'.8  E. 

Latitude,  31°  49'  53".3  S. 

Director :  R.  L.  J.  Ellebt,  P.  E.  S.,  P.  K.  A.  S. 

Proposed  first  in  1863,  and  established,  to  begin  with,  at  Willlamstown 
Transferred  to  Melboome  In  1861.  Bailding  completed  in  1863.  In 
1870  there  was  mounted,  in  a  building  set  apart  for  tbe  purpose,  Gbdbb's 
great  Oassegrain  Befieotor,  with  a  focal  length  of  28  feet  (8".64),  and  an 
aperture  of  4  feet  (1'".22). 


Mendon  (Paris),  France. 
Observatmre. 

liongitude  fi?om  Greenwich, 1 

Latitude, 1 

Director  .■  J.  JanbSem,  1875. 

Observatory  of  Physical  Astronomy  in  the  pai^  at  Mendon.  InBtra- 
ments  mounted  in  temporary  buildings  in  1875.  There  are  photographs 
of  the  auQ  taken  regnlarly  at  this  place. 


Mexico,  Mexico. 

Observatory. 

Longitude  from  Greenwich,  6"  36"  26*.67  W. 

Latitnde,  19°  26*  1".3  N. 

Director:  P.  Jimenez. 

Founded  in  1877  at  19°  26*  north  latitude. 
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MiLANO,  Italy. 

B.  Osservatorio  Astronomico  di  Brera 

Longitude  from  Qreenwicb  36°  46"  .97  B. 
Latitnde  45©  27'  59"  .2  N. 
Direotorv:  L.  Lagrahge,  1763; 

F.  Eeggio,  1777 ; 
B.  Oriahi,  1804; 

P.  Caelihi,  1833 ;    • 

G.  V.  SomAPABBixi,  1863. 

In  1760  a  telescope  of  33  feet  (10  meters)  focal  distance  was  monnted  in 
the  College  of  the  Brera  by  P.  Botzo  and  D.  G-ebba.  The  Observatory 
proper  was  fbnnded  in  1763.  In  the  beginning  it  oonsiBted  of  an  octag- 
onal stmctnre  to  which,  in  1776,  two  side  towers  were  added.  This  Ob- 
Bervtftory  has  published  its  Ephemeris  for  one  hundred  years,  1775  to 
1874. 


MoDENA,  Italy. 

.  Osaerziatorio. 

Longitude  from  Greenwich  43™  42*.8  E. 
Latitnde,  44°  38'  52".8  N. 
Bireetor: 1 


MONTOALIEEI,  Italy. 
Oagervatorio  del  B.  Collegio  0.  AU>erto. 


Longitude  from  Greenwich,  - 

LatitDde, 1 

Diredor : 1 


MoHTBOTTBis  {Parts),  Framce. 
Obaervatoire  de  MontsowU. 

Longitude  from  Greenwich,  9°  20'.68  B. 

Latttude,  48°  49'  18"  N. 

Directors:  B.  Mouchbz,  1875. 
■  Dr.  Maei:6Davt. 

Assistamt:  Alfbed  DB  Yaulabelle. 

Founded  in  1876  as  an  Observatory  for  students  by  the  Department 
of  the  Marine,  in  the  southwest  comer  of  the  Park  of  Montsouris  at 
the  Boatbem  extremity  of  Paris. 
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Moscow,  Russia. 

Observatory  of  the  Imperial  University, 

Longitade  from  Greenwich,  2*'  30"  ICS  E. 

Lfttitnde,  55°  45'  19".8  N. 

Authority  for  latitude  and  longitude :  Kautical  Almanac 

Directors :  Kbassiluskow,  1760; 

c.  f.  goldbach,  1804; 

Fischer,  1861; 

D.  Peebvotsohikoff,  1824; 
A.  Draschnosoff,  18 — ; 
K.  S.  SCHWEIZER,  1856; 
Prof.  Dr.  Thedddbe  Bsedichin,  1876. 
Assistants :  W,  Cbraski; 

A.  Belopol8b:t; 

A.  SOOALOFP. 

Founded  in  1753  as  an  annex  to  the  University.  A  new  boilding  was 
put  ap  in  1801  in  Bielogorod. 

INSTEUMENTS : 

(a)  Meridian  circle:  one;  maker,  Bepsold,  iii  Hamburg;  diameter 
of  circle,  36  inches;  divided  to  2';  read  by  4  microscopes  to  0.1" ;  aper- 
ture of  objective,  5.3  inches;  magnifying  power  trdinarily  employed, 
100  diameters. 

(c)  Equatorial  instruTneiit :  maker,  Mbbz,  in  Manicli ;  apertare  of  ob- 
jective, 10.7  inches ;  magnifying  power  of  eye-pieces,  100  to  1200.  (e') 
Photoheliograph  of  Dalmaybb,  in  London. 

(d)  Universal  spectroscope  of  Mbbz,  in  Munich;  diiect  vision  with 
10  prisms  and  micrometer. 

(e)  One  photometer  of  Zollnbb. 

(/)  Chronograph :  oif  SIEMENS  and  Halske. 

{g)  Clocks:  mean  time,  two:  makers,  TiedEjUizsohheidbb:  sidereal, 
two ;  makes,  Kessbls,  Tolstoi. 

(ft)  Chronometers:  mean  time,  two;  maker,  DENT:  sidereal,  two; 
makers,  Dent,  Kessels. 

(i)  Miscellaneous ;  transportable  transit  instruments,  theodolites,  uni- 
versal instruments,  &c. 

Obsebtations  dueing  the  past  yeab  (March  to  December, . 
1880): 
.  (a)  SmaJl  planets. 

(c)  Oomets;  Jupiter;  spectroscopic  observations  of  tho  sun. 

(d)  San  and  comets. 

(c)  Photometrical  observations  of  stars. 

(i)  The  practical  instruction  of  the  students  of  the  University. 

WOEK  PBOPOSED  FOE  THE  OOMIKa  TBAB  (1881): 

The  same  as  in  the  year  1880,  and  the  investigation  of  the  gmvity  at 
Moscow  with  the  reversion  pendulum  constructed  by  Rbpsold. 
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PEIKOIPAX  PUBLICATIONB  op  the  OBBBETATOET  DTIBIIia  THE 
YBAES  1874r-1880: 
Professor  Bebdiohik,  "Annales  de  I'Observatoire  de  Moscow,"  vols. 
I,  n  (parts  1  and  2),  III  (parte  1  and  2),  IV  (partB  1  and  2),  Y  (parte  1 
and  2),  VI  (parts  1  and  2),  VH  (part  1). 
AdDITSOMAL  mpOBMATIOH: 

The  clock-work  of  the  eqnaterial  m  oat  of  use,  and  seneo^lly  the  meuiB 
of  the  Observatory  for  scientiflo  wwka  and  £or  tlieir  publications  are 
very  insofBcient. 


MtNOHEN,  Bavaria. 
KitrngUahe  Stfntmtrte. 

LoDgitnde  from  Greenwich,  46'»  26*.13  E. 

Latitnde,  48°  ^  45".5  K. 

Zttreotetv.-  K.  F.  TON  Setpfee,  1809; 
J.  TOH  SOLDHEB,  1823; 
J.  TON  LaMONT,  1834  (1). 

Pounded  in  1809,  on  the  hill  of  BogenhauBen,  near  Munich.  ,  A  main 
building  of  one  story,  &oing  east  and  west;  two  wings  extend  toward 
the.  north.  An  edifice  designed  for  the  purpose  was  pat  up  in  the  gar- 
den for  a  great  r^iractor,  by  the  aid  of  which  Lamont  made  his  obs^ra- 
tioDS  of  the  satellites  of  Saturn  and  of  the  nebulte. 


Munich,  Bavaria. 
See  Munoben, 


M6NSTBB,  Prussia. 
Stemwarte, 

Longitude  from  Greenwich, 1 

Latitude, ( 

Director :  B.  Heis,  1852. 

Ponnded  in  1862,  in  the  neighborhood  of  the  Academy  (High  School). 
It  was  here  that  Keis  pursued  his  extended  researches  into  the  nature 
of  shooting  stars,  the  zodiacal  light,  and  nranometry. 


Kafles,  Italy, 
See  IfapoU. 
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Napoli,  Italy. 

B.  Osaertatorio,  Capo  di  Monte, 

Longitude  from  Greenwich,  67™  0".9  B. 
Latitade,  40°  61'  45".4  N. 
Direetora:  G.  Casella,  1791; 

F.  M.  DA  Pbado,  1808; 
P.  TuccABT,  1812; 
C.  Beiobohi,  1818; 
B.  Capocoi,  1833; 

Del  Ee,  1849; 

A.  DB  GaspaBIS,  1864. 
Proposed  in  1788.  The  buildings  began  at  the  nortiheast  comer  of 
the  Palace  of  the  Library  (Palazzo  della  Biblloteca)  and  Bo^al  Hiisenm 
(Mnseo  Beale)  were  left  incomplete  in  1790.  In  1809  one  (KFthe  towers 
of  the  old  Convent  of  San  Gandisso  was  appropriated  to  this  object. 
In  1812  was  laid  the  first  stone  of  a  new  Observatory  on  the  hill  of 
Miradois,  at  the  point  called  Caipo  di  Monte.  The  instrnments  were 
moonted  in  1819.  Seven  aeteroida  have  been  discoveied  at  this  Observa- 
tory. 


n^EUCHATBL,  SwiiaerlaMA. 
Observatoire  Gantonale. 

Longitude  from  Greenwich,  27"  SC.S  B. 

Latitude,  46©  B9'  51"  K. 

Director:  A  HiRSOH,  1868. 

Founded  in  1867.  A  rectangular  stmctnre  of  88J  ffeet  by  26J  feet 
(27  by  8  meters),  and  19J  feet  (6  meters)  in  height;  a  tower  with  a  re- 
volving tnrret. 


NiooLATBT,  Russia. 
NicoIoecsJcaia  Obaervatoria. 

liongitade  from  Greenwich,  2'»  7"  54».l  B. 

Latitude,  46°  58'  20".6  N. 

Authority  for  latitude  and  longitude:  for  latitude,  K.  Knobbb,  "As- 
tron.  Kachr.,''vii,2Cl;  for  longitude,  telegraphic  determination  of  1877, 
not  yet  published. 

JMreetors:  K.  P.  KhObee,  1821; 
J.  Kobtazzi,  18 — . 

Founded  in  1821;  completed  in  1826. 
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Instruments: 

(a)  Meridian  circle-:  maker,  Ebtel,  in  MuDich;  diameter  of  circle,  38 
inches ;  divided  to  3' ;  read  by  four  microscopes  to  1" ;  aperture  of  ob- 
jective, 4.2  inches;  magDifying  power  ordinarily  employed,  100  diame- 
ters. 

(c)  llquatorial  instrument:  makers,  Bepsold  &  SONS,  in  Hamburg; 
aperture  of  objective,  9J  inches;  magnitying  powers  of  eje-piecea,  100, 
150,  330,  476,  660. 

(/)  Chronograph :  one  of  Hesbst,  in  Pulkowa. 

(g)  Clocks:  one  mean  time;  maker,  Kessels,  No.  1282 :  one  sidereal; 
makers,  Barrattd,  No.  769,  and  Hohtin,  No.  24. 

(h)  Chronometers:  meau  time,  89,  of  difi'erent  makers:  sidereal,  3,  of 
different  makers. 

(i)  Miscellaneous:  one  transportable  transit  instrument  of  Heobst, 
in  Pnlkowa,  fear  the  determination  of  time  in  the  vertical  of  Polaris; 
aperture,  2.7  inches;  magnifying  power,  100. 

(ifc)  One  transportable  verticle  circle,  11  inches;  a^pecture,  1.9  inches; 
circle  divided  to  i';  read  by  2  microscopes  to  2". 
Obbbbyations  during  the  fast  year: 

(c)  OometB,  Schaberle,  Hartwig,  Faye;  Jupiter's  satellites  and  sjtota. 

(»)  Determinations  of  clock  corrections  for  the  investigation  of  the 
rates  of  the  naval  chronometers.  Determination  of  the  coefficients  of 
compensation  of  the  chronometers. 

Principal  publications  of  the  Obseevatort  dueimg  the 
TEAR  1880: 

T.  EoRTAzzi :  Beobachtuugen  des  Comet  1880  C,  published  in  the 
"Aatronomische  Nachrichten,"  vol.  97,  p.  335, 

T.  KoBTAzzi :  Sur  les  taches  de  Jupiter,  published  in  the  "Bulletin 
de  l'Acad6mie  Imp4ri&le  de  St.-Petersbourg." 

T.  KoRTAzzi:  Tables  of  W.  Thouson  for  the  facilitation  of  Samner'8 
method  at  sea,  edited  in  an  altered  form  (Russian). 


Nottingham,  EngUmd. 
Alexandria  Parh  Observatory. 

Longitude  from  Greenwich, 1 

Latitude, 1 

JWreotor: 1 

Odessa,  Russia. 
Stemwarte. 
Longitude  from  Greenwich,  2^  3"  2".3  B. 
Latitude,  46o  28'  36"  N. 

JHrector:  1  n,g:,.,dtyGoO(^lc 
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Ofbn,  Augtriei-Hujigary. 

(Budapeath)  8temwarte. 

Longitnde  from  Greenwich, T 

Latitnde, f 

JHrectorB :  J.  Pasgnich,  1804 } 

P.  TiTTEL,  1824; 

,1831; 

L.  Matee,  1860  (1). 
Founded  upon  the  "  Blocksberg"  in  1803. 


0-Gtalla,  B/ungary. 
AstroP^aikaliaahee  Obgervator^tn, 


Longitude  from  Oieenwioh,  1"  12™  45*.5 
Latitnde,  47°  52'  43".4  N. 
Director:  ? 


OLVttTZ,  Auttria. 

Btemmarte. 

Longitade  frvm  Greenwich,  It  91°  2*  ,6  E, 
Latitude,  490  Z6f  43"  N. 
JHrector:  ! 


Oxford,  Ungland. 

Oxford  University  Observatory. 

LoDgitnde  from  Greenwich,  5"  0*  .4  W. 
Latitude,  51°  46'  34".2  N. 
Director:  O.  Peitohaed,  1873. 
Foonded  in  1873. 


OxFOSD,  EngltmA. 

BadcUffe  Observatory, 

Longitade  from  Greenwich,  5"  2'.6  W. 
Latitude,  61°  46'  36"  K. 
Directors:  T.  Hobnbbt,  1771; 

A.  KOBBETSON,  1810j 

n,g:,.-,;dtyL.OOglC 
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S.  P.  ElGAUD,  1827; 

M.  J.  Johnson,  1839; 

R.  Main,  i860; 

E.  J.  Stone,  1878. 
Fonuded  in  1772,  vith  the  help  of  a  legacy  &om  Radoliffb.    The 
gronnd  vaa  donated  by  the  Dnke  of  Marlborough.    Time  has  been 
noted  by  meaaa  of  a  chronograph  since  1858. 


Padova,  Italy. 

Osservatorio  Astroaomico  delV  UntBteritiL 

Longitude  fixnn  Greenwich,  47»  29".13  B. 
Latitude,  460  24'  2".6  N. 
JMreetors:  Q.  TtitLDO,  1761; 

v.  CmMiMKLLO,  1797; 

G.  Samtihi,  1818; 

G.  LOBEHZOHI,  1877. 
Founded  in  1761  by  the  Venetian  senate.  Mid  a«CODimodated  in  a 
massive  tower  built  in  the  thirteenth  centnry  by  the  tyrant  Ezzelino 
for  a  state  prison. 


PADUA,  Itaig. 
QeePadova. 


Palbbmo,  Italy. 

B.  Ossematorio. 

Longitnde  firom  Greenwich,  53"  26»  E. 
Latitnde,  38°  C  44"  K 
IHrectors :  G.  PiAzzi,  1787; 

N.  Oaooiatorb,  1817 ; 

G.  Gaooiatobe,  1842; 

D.RAGONA,  1868; 

G.  Oaooiatorb,  1860. 
Proposed  in  1786.  Estat^shed  in  the  Saint  Ninia  tower  of  the  Boyal 
Palace,  the  ancient  residence  of  the  Emirs  daring  the  Arabian  domla- 
ioQ.  The  first  complete  vertical  circle  made  by  Bamsden,  and  finished 
in  1789,  was  mounted  in  this  Observatory.  PiAzzi  used  it  from  1793  to 
1813,  for  the  observations  which  served  him  as  a  basis  ibr  bis  famons 
catalogue.  Oeres  was  discovered  at  Palermo  od  the  first  day  of  the 
nineteenth  centnry. 

U,j,,,;,.;,L.OOglC 


EEPOKTS  OF  ASTHONOMICAL  0B8EEVAT0EIBS. 

Pabamatta,  :Sew  8mtk  Walet. 

Paramatta  Observatory.    (See  Sydneg.) 

LoQgitade  from  Greenwich,  10"  4""  6».2  E. 
Latitude,  33°  48'  49".8  K. 
Director:  1 


Fakis,  France. 

Obaervatoire  Nationale. 

Longitude  tcom  Greenwich,  9"  21».02  E. 
Latitude,  48°  BC  11".8  S". 
JHrhotors :  J.  D.  Cassini,  1671j 

J.  CASSlKl»1712f 

0.  F.  CAssmi  (de  Thory),  1756; 

J.  D.  Cassini  (de  Thury),  1784j 

J.  J.  L.  DE  La  Lanbe,  1796; 

P.  MifeOHBIN,  180L; 

A.  BbUNABB,  1804 ; 
D.  F.J.  Aeago,  1811; 

U.  J.  J.  Lb  Vbbeibe,  1868; 
0.  E.  Delaunat,  1871; 
U.  J.  J.  Le  Veebibr,  1872; 

B.  MOUOHEZ,  1878. 

National  Observatory  (formerly  Boyal,  since  Imperial)  boilt  in  1667 
nnder  the  auspices  of  the  Academy  of  Sciences,  according  to  plans  of 
C.  Pebbault.  a  vast  central  hall;  two  towers,  east  and  west.  In 
1732,  a  small  room  to  accommodate  a  moral  quadrant  was  added  beyond 
the  eastern  tower,  and  in  1742  this  was  extended  by  a  second  endosnre 
for  a  moveable  quadrant.  In  1760  a  turret  with  a  reviriTing  ?«of  was 
built  to  the  south  of  this  addition.  The  main  bailding  having  beoome 
dilapidated  was  restored  in  1786 — completed  1793 — since  when  it  has 
been  detached  and  the  south  terrace  built.  In  1832  the  small  roomg 
where  observations  are  taken  were  repaired,  and  the  amphitheater 
and  a  rotunda  with  a  revolving  roof  built  npon  the  principal  terrace. 
The  dome  intended  for  the  shelter  of  the  great  equatorial  was  placed 
on  the  summit  of  the  building  in  1850.  The  great  telescope  with  amir- 
roF  of  silvered  glass — 4  feet  (1'°.2)  in  diameter — was  mounted  in  1876,  in 
a  building  on  the  ground-floor  leveL  John  Domihio  Cassini  discov- 
ered four  of  the  satellites  of  Saturn  at  the  Paris  Observatory,  and  also 
first  investigated  the  subject  of  the  Zodiacal  Light,  and  here,  too,  tbo 
great  grandson  of  this  astronomer  was  the  first  to  follow  the  variations 
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of  the  magnetio  needle  with  mioate  aod  peraeTering  indoBtry ;  and 
it  was  here  that  Aback)  and  Mathiep  demonstrated  the  extremely 
small  parallax  of  the  stars. 

A  large  number  of  astronomical  manuscripts,  eont^ning  matter  of 
great  interest,  are  preserved  at  the  Paris  Observatory. 


Fasma,  Italy. 
it.  Ostervatorio  AatnmomiM. 

LoDgitade  iiom  Greenwidi, ! 

Latitode, 1 

Director:  .! 


Pabbohbtown,  Ireland. 

Lord  Bosses  Ohtervatory. 

See  Birr  Castle. 


POLA,  Atutria. 

N^tival  Oieervatory, 

liongitade  from  Qreenwich,  66"  23M8  E. 
Latitnde,  U°  61'  49"  JT. 
Direetor:  J.  Palisa,  1872. 

Foimded  in  1872.    More  than  a  dozen  minor  planets  have  been  dis- 
covered here. 


Poet  Louis,  Jlfa»r»*tiM. 
Observatory. 

Longitude  from  Greenwich, 1 

Latitude, 1 

Direetor: T 


Potsdam,  Prussia. 
Aatro-Phgsikalisches  Institut, 
Longitude  from  Greenwich,  62"  17"  E 
Latitude,  52°  22*  fl6"  N. 

Director: 1 

Observers :  Spoehr,  Vogbl,  and  Lohsb. 

Bnilt  upon  a  hill  adjoining  the  Park  at  Potsdam.    Opened  in  1879 
under  the  auspices  of  the  Astronomische  Gesellschalt 
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POULKOTO,  Etaaia. 
Nieolaevskaia  OUtvnaia  Observatoria. 

Longitnde  from  Greenwicb,  2''  1"  18«.67  E. 

lifttitade,  59°  40'  18".7  K 

Directors :  F.  W.  G.  ton  Steutb,  1834; 
O.  TON  Stbuve,  1864. 

Poanded  in  183i4.  Three  principal  halls  on  the  groand  floor,  the  eajst- 
em  one  being  used  for  the  meridiiin  circle,  the  weBtem  one  for  the  merid- 
ian telescope,  and  tbe  soathern  one  oocopied  by  the  prime  verticaL 
Three  revolving  domes,  the  central  and  largest  containing  Mbbz  and 
Mahler's  Befractor,  which  has  a  focns  of  23^  feet  (7".l)  and  an  aper- 
ture of  155  inches  (0".40).  A  very  rich  astronomical  library.  The  most 
elaborate  and  minute  researches  on  the  minor  corrections  of  spherical 
astronomy,  notably  the  corrections  of  aberration  of  notation  and  pre- 
cession, have  been  made  chiefly  at  this  Observatory. 


Prague,  Austria. 

E.  K.  Univeraitata  Stemwarte. 

Longitude  from  Greenwich,  57"  41".4  E, 
Latitude,  50o  5'  18".8  N. 

Anthority  for  latitude  and  longitude:  Al.  Dattd  and  J.  Bonn. 
Directors:  J.  Stbppling,  175lj 
A.  SteuadT,  1781; 
A.  Datid,  1799; 
A.  BiTTNEB,  1836; 
K.  Kbeil,  1845; 
C.  Jelihek,  1851; 
J.  G.  BOhm,  1855; 

Dr.  0.  Ht)ENSTEiN,  Professor  of  Astronomy,  1872  (I) 
Assistants:  Dr.  A.  Seidleb; 
Dr.  G.  Beoka  ; 
Dr.  W.  KosiCKT. 
Tyoho  Beahe   had    some  astronomical  instruments  temporarily 
mounted  at  Prague  (1600-1601).    The  Observatory,  properly  so  called, 
was  not  erected  until  1761,  in  the  Altstadt  quarter,  at  the  Collegium 
Clementininm,  under  the  direction  of  the  Jesuita. 

IHSTRUMKNTS : 

(a)  Meridian  circle:  one;  maker,  Che.  Staeke  (Mechanical  work- 
shop of  the  I.  E.  Polytechnic  Institute  in  Vienna);  diameter  of  circle, 
36  inches;  divided  to  3';  read  by  1  nonius  to  2";  aperture  of  objeotlvef 
4  inches. 
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(b)  Meridian  transit  instruments.-  maker,  Cub.  Stabsie;  aperture,  4 
inches:     (6')  maker,  Sohbottbe ;  aperture  of  objective,  3  inches. 

(o)  Equat&rial  instruments:  makers,  C.  A.  Steinheil's  Sons,  in 
Mmiich;  aperture  of  objective,  6  iuches;  magnifyiiiR  powers  of  eye- 
pieces, 56,  84,  252,  420,  672.  {&)  makers,  Utzschneidbib  &  Fraum- 
HOFEB,  Munich;  aperture  of  objective,  3  inches. 

(d)  ^eetroseopea :  one;  G.  &  S.  Mubz,  Munich;  one  small  star  speo- 
troscope;  makers,  G.  &  S.  Msbz,  Munich. 

(/)  Chronograph:  one;  Dr.  M.  Hipps,  Keuchatel,  maker. 

(g)  Glodes:  meantime;  makers,  Lbpaute,  Paris;  sidereal;  makers, 
J.  BOZBK,  Prague. 

(A)  Ohronometer :  meantime;  maker,  Basbaud. 

(i)  MUcelXaneova:  one  sextant;  maker,  Ttcho  B&ahe;  one  octant; 
maker,  Tyoho  Bbahe;  one  large  (Hohen  Kreis),  by  Tbotjghton,  in 
Londen. 

Obsebtatioitb  DUBma  ihh  past  teas  (1880): 

Ko  astronomical  observations  were  made  during  the  year. 

WOBK  PBOPOSED  FOE  THE   OOMIHG  TEAE  (1881): 

It  mil  be  impossible  to  make  astronomical  observations  daring  the 
coming  year. 

PeESCIPAI,  PUBLICATIONS  OP  THE  OBSBETATOEY  DtlEIHa  THE 
TEAS  1830>: 
Magnetische  nnd  Meteorologische  Beobachtungen  im  Jahre  1879, 
10t«r  Jahrgang,  iXiO,  (vol.  xviii  of  series). 
Al>DITIONAI.  IXFOBMATION: 
The  two  meridian  instruments  (a)  and  (6)  have  not  been  used  for  half 
a  century,  for  want  of  a  soltable  meridian  room,  and  have  been  stored 
away  in  boxes. 

The  two  eqnatorial  iustraments,  (c)  and  ((/),  Qiough  mounted,  are  not 
being  used  for  observation  purposes,  owing  to  the  absence  of  a  movable 
cupola,  but  are  employed  in  the  lectures  on  practical  astronomy. 

No  astronomical  observations  whatever  can  be  made  in  the  present 
conditiou  of  the  old  Observatory. 


Pttlkowa,  Russia. 
See  Potdftono. 


Quebec,  Ccma&a. 
Observatory. 

Lougitade  from  Qreenwich,  4>>  M"  ^•.S  W. 

Latitode,  46°  48'  17".3  N. 

JHrector:  B.  D.  Ashb,  1863. 

Bnilt  in  1863  on  Bonner's  Hill,  near  Quebec.        nu  i- n  GooqIc 
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Quito,  Ecmdor. 

Obtervatorio  eld  Colegio  yawmoL 

Longitnd«  from  Oreenwich, 1 

Latitude, 1 

Director:  J.  B.  Mentoh,  1874. 
Fomided  in  1871. 


Eio  DE  Janbibo,  Brazil 

JfauHcal  Observatory. 

Longitude  from  Greenwich,  2"  62""  41».41  W. 
Latitade,  22o  64'  23".8  8. 
Directors:  A.  M.  DB  Mblls,  1850 j 

E.  LiAis,  1871. 
Founded  in  1780.    Kestored  in  1871. 


BOMA,  Italg. 
S,  Osservatorio  Astronomico  del  Collegio  Romano. 
Longitude  from  Qreenvich,  49'°  54>.7  E. 
Latitude,  41©  53'  63".7  K. 
Directora:  G.  Abclepi,  1764; 

G.  Calahdeelli,  1773} 
S.  Dttmonohel,  1824; 

F.  DE  Vico,  1838} 
A.  LECcm,  1849; 

G.  S.  Fbbeaei,  1878; 
P.  Tacohini,  187&. 

Before  the  establishment  of  a  regular  Observatory  a  succession  of 
astronomers,  more  or  less  famous,  made  use  of  temporary  accommoda- 
tions. In  the  buUdiugs  of  the  old  college  Clattus  made  ohserrations 
■with  a  zenithal  sector  in  1572,  and  following  years.  Soheineb  col- 
lected the  materials  for  his  famous  Boaa  Ursina,  the  printing  of  which 
was  completed  in  1630  at  the  new  college,  west  of  the  Church  of  St. 
Ignatius.  There,  too,  Gottignieb  and  Bobgondio  made  occasional 
observations.  Maibe  observed  the  comet  of  1844  at  the  English  Col- 
lege. BosooTiCH  fixed  himself  in  the  principal  hall  of  the  Kircher 
Musenm.  Finally,  Asolbpi  organized  a  permauent  establishment  in 
1764 ;  and  in  1787  a  square  tower  was  built  to  accommodate  the  Ob- 
servatory at  the  eastern  angle  of  the  College  fii^ade  on  via  del  Gesit 
A  new  bnildisg  was  put  up  in  1853,  having  for  snbstmctore  the  enor- 
mous piles  which  had  been  intended  to  support  the  dome  of  the  Church 
of  St  Ignatius. 
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BouA,  Italy. 

OhservaUrry  of  the  Capitol, 

Longitnde  from  Greenwich, 1 

Latitude, T 

Directors:  Q.  Oalahdeblli,  1824; 

A.  OONTI,  1837; 

I.  OAl.Ajn>BBixi,  1811; 

L.  ItEBPBaHi,  1866. 
Establislied  in  1824  upon  the  east  tovw  of  the  Oapitol,  wliich  is  bnilt 
above  the  ancient  Forma, 


BtrOBY,  England. 
Obaervatory  o/Bugby  Stikool. 

Longitnde  from  Greenwich, 1 

Latitude, ? 

IHrectors:  J.  M.  Wilson,  1872; 

G.  M.  Seabboke,  1878. 
Founded  in  1872. 


BuGBT,  England. 
Temple  Observatory. 

Longitnde  from  Greenwich, 1 

Latitnde, ! 

Director:  J.  M.  Wilson. 


San  Fbbnantio,  ^ain. 
Inatituto  y  Observatorio  Ae  Marina  d$  San  Fernando. 
Longitnde  from  Greenwich,  24"  49".6  W. 
Latitnde,  36"  27'  41".5  S. 
Direetora:  E.  Aemesto,  1797; 
J.  O.  Canelas,  1798; 
J.  T.  Cebqtjebo,  1825; 
8.  MONTOJO,  1851; 
F.  DE  P.  3f  AEQUEZ,  1855; 
C.  PirJAZON,  1866. 
An  Obsoratory  had  been  first  established  at  Cadiz  in  1753,  upon  an 
ancient  Soman  tower,  bnt  was  soon  abandoned,  observationB  beingf 
made  there  only  from  1773  to  1776,  by  ToFiSo  and  Vabela.    The  new 
Obserratory  was  bnilt  at  San  Fernando  in  1797.    This  is  the  most 
sontherly  astronomical  establishment  in  Europe.     (Latitude  36°  28'.} 
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Santiago,  Chile. 
Observatorio  Naeional, 

Longitude  from  Greenwich,  4?'  42"  i2*.4  W. 

Latitade,  33°  2&  42"  S. 

JXrectors:  B.  G.  MaestA,  1852} 
J.  L  YERaABA,  1861. 

Proposed  in  1852.  Ttie  instrameiLts  and  buildings  vhioli  had  been 
oaed  for  the  temporary  Naval  Observatory  of  the  United  States  at  Santa 
Lttoia,  under  Lieutenant  Gilliss,  were  purchased  as  a  beginning,  and 
in  1856  the  construction  of  a  permanent  Observatory  was  undertaken, 
consisting  simply  of  a  one-story  edifice  and  central  dome.  The  equip- 
ment has  been  added  to  gradually  since  1869. 


St.  Petbbsbubq,  Russia. 

Observatoria  AJcaSemii  Nauk.    [Observatory  of  the  Academy  o/ Sciences.) 

Longitude  from  Greenwich,  2''  I"  13'.6  E. 
Latitude,  59°  5C'  29".7  N. 
JHrectorg:  J.  K  Db  L'Islb,  1747; 

P.  INSOHODZOW,  1768  J 

H.  Barky,  1794; 
v.  WiSHIOROSKT,  1811; 
A.  Sawiisch,  1856. 
Foonded  in  1747. 


ScHWERiN,  Oermany. 


Longitude  from  Greenwich,  46"  40',7  E. 
Latitude,  630  37' 38".2  K 
Direetor:  1 


SENPTENBEBa,  ©eriJMWIjr. 

Stemwarte. 

Longitude  from  Greenwich,  1**  5"  60'.6  Bt 

Latitude,  60°  5'  10".l  N. 

JHrector:  1  ,-.  , 

n,g:,.-,;dtyL.OOglC 
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S^Y£B,  Bavaria 

Stenmarte  des  KSniglkhe*  Lyceum. 

LoBgitnde  from  G-reenwich,  SS*"  45*.6  E. 
Latitude,  49°  18'  55".4  K. 
(So  longer  ia  operatiiui.) 


Btookbolik,  Swedeit. 

Obserpatory. 

LoDgitnde  from  Greenwich,  1*  12""  14»  E. 
Latitude  69°  20'  33"  N. 
IHrect&rs:  P.  V.  Wabgentes,  1760  j 
H.  NiOAMDEB,  1776; 
J.  SOANBEBG,  1803 ; 
S.  A.  Ceonstbanb,  1828; 
K.  H.  Lelandeb,  ISSS; 
HU(K>  (jTUJfiN,  1871. 
^««Mtonte  :  ABom  Lindhagbn  ; 
Pbbtold  Eanokbn. 
Founded  in  1750.    Here  Wabgestin  made  that  long  series  of  ol>se^ 
vatioQS  on  Jupiter's  satellites  which  resulted  in  the  first  reliable  tables 
of  eclipses  of  these  satelhtes. 

INSTBUMERTS : 

[a)  Meridian  eirele :  makers,  Ebtbl  &  Son  ;  diameter  of  cinje,  18 
Inches ;  divided  to  3' ;  read  by  4  microscopes  to  1" ;  aperture  of  object- 
ive, 4^  iuches  (0.107  meters);  magnii^lng  power  ordinarily  employed, 
124  diameters. 

(ft)  Meridian  transit  instrument :  maker,  A.  Bepsold  ;  aperture,  2J 
inches. 

[c)  Equatorialinstrummt :  maker,  A.  Bepsold;  aperture  of  objective, 
7  inches ;  magnifying  powers  of  eye-pieces,  114,  150, 190,  302,  600. 

(/)  Ckronographt ;  two. 

{g]Cloo}cs:  meantime;  makers, MoLTNEUX& Cope ;  sidereal;  mt^ers, 
Kebsels,  Swedes. 

(A)  Chronometer:  mean  time;  makers.  Debt,  Lutdeboth. 

The  foUowing  is  a  translation  of  portions  of  a  report  made  by  Mr. 
Hugo  Gyldi^n  in  the  "TierteljahrBschriftder  Astronomischen  Gesell- 
schaft,"  15ter  Jahi^ang,  2ter  Heft : 

Mention  has  been  made  in  former  reports  of  two  extensive  series  of 
observations  for  the  pnrpose  of,  firstly,  to  redetermine  all  Sie  l»rtght 
stars  between  46°  N.  declination  and  the  North  Pole,  which  are  accessi- 
ble to  our  instruments ;  and,  secondly,  to  fiimish  a  contribatian  to  the 
knowledge  of  the  mean  distances  of  stars. 


;,L.OOglC 


EBP0KT8  OF  ASTRONOMICAL  0B8EEVATOEIES.  725 

This  redeteTmination  vill  result  iu  the  formatioD  of  a  catalogue  of 
1,210  stars,  in  wfajcli  the  positions  will  be  laid  down  with  a  probable 
error  of  aboat  ^  eecoad  in  each  co-ordinate  (the  rectascension  probably 
more  accurate).  MoBt  of  the  reqaired  observations  were  made  by  Mr. 
LniDH&aEN,  and  the  series  is  nearly  complete.  The  second  series, 
nnfortuiiately,  will  have  to  be  delayed,  owing  to  necessary  repairs  of 
the  meridian  circle,  which  exhibits  traces  of  old  age.    -    •    - 

From  the  results  obtained  by  comparison  in  different  poaitiODS,  tbe 
the  probable  error  of  a  single  declination  determination  is  estimated  as 
0".5  to  0".6,  which  may  be  still  reduced. 

Up  to  the  present  time  the  polar  distances  have  been  computed  tem- 
porarily firom  observatdoiiH  of  the  Kautical  Almanac  stars,  with  applica- 
tion of  the  declination  estimated  in  the  fundamental  catalogue  for  zone 
observations  in  the  N.  sky.  Predominating,  though  not  exclusive,  use 
having  been  made  of  extreme  northern  stai^  it  is  presumable  that  tbe 
unknown  inclination  of  the  instrument  has  exerted  quite  an  influence  on 
tiie  results  obtained.  It  is,  however,  evident  from  the  coincidence  of  the 
polar  iwsitions  obtained  in  both  situatioDs  of  the  objective  and  ocular 
tiiat  the  inclination  coefBcient,  which  appears  as  multiplied  by  the  sine 
of  the  zenith  dist^ance,  cannot  be  very  large.    -    -    - 

The  second  series  is  intended  to  furnish  a  contribution  to  the  knowl- 
edge of  the  mean  distances  of  the  stars.  Mention  of  this  work  has  been 
m^e  in  former  reports,  and  an  account  of  the  progress  made  during 
the  past  year  is  here  presented. 

Of  the  stars  previously  mentioned  as  to  be  observed  for  parallax,  two 
have  been  omitted,  namely,  a  Auriga,  and  d  Persei;  the  former  on  ac- 
count of  the  difference  of  brilliancy  between  the  principal  star  and  a 
comparison  star,  the  latter  on  account  of  the  difference  of  declination 
of  the  comparison  stars.  These  were  substituted  by  a  Corome,  and 
(  UrssB  Majoris.  In  consequence  of  the  brilliancy  of  the  former  the 
observations  will  be  rather  difficult  and  probably  somewhat  incorrect. 
I  propose,  however,  to  continue  them  for  some  time  yet,  in  order  to  test 
whether  the  parallax  may  be  confined  to  satisfactory  limits  by  a  multi- 
plication of  the  observations.  The  same  is  the  case  with  a  Persei  and 
fi  Andromedas,  notwithstanding  their  insufficient  accuracy. 

In  observing  i  Ursa  Majoris  use  could  be  made  of  only  one  comparison 
star;  a  second  one,  at  first  designed  to  be  included,  proving  too  indis- 
tinct. The  former,  however,  is  in  every  respect  satisfectory.  This  star 
moves  on  the  same  parallel  with  the  principal  star  and  5(^  seconds 
ahead,  and  its  magnitude,  according  to  Argelander,  is  8.0.  The  consid- 
erable brilliancy  of  this  star  admits  of  its  observation  even  during  un- 
favoraUe  state  of  the  atmosphere,  and  it  has  not  been  neglected  not- 
withstanding the  sometimes  very  unsatisfactory  impression  obtained. 

It  is  thereby  intended  to  arrive  at  another  result  in  addition  to  the  de- 
termination of  the  parallax,  namely,  the  collecting  of  material  for  the 
estimation  of  the  relative  accuracy  which  may  be  expected  at  the  contact 
of  the  cross-wire  and  right-ascension  difference^)  during  a  favorable  or 
unfavorable  condition  of  the  atmosphere.  Although  theresults  obtained, 
until  now,  in  reference  thereto  are  not  by  any  means  conclusive,  they 
are  regarded  as  worth  communicating. 

As  the  results  of  observations  are  computed,  with  but  few  exceptions, 
from  four  transits,  the  probable  error  ±  O',017  is  to  be  expected.  In 
close  conformity  there  is  deduced  from  the  16  observations  <rf  t  Ursa  ex- 
tant at  present  the  probable  error  ±  0'.016, 

This  result  appears  to  be  very  satisfactory.  Even  if  the  probable 
error  of  a  result  of  observations  were  ±  0'.020, 30  or  40  nights  adequatelj' 
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distributed  would  be  aufficient  to  determine  the  pa>rallax  of  a  star  with 
a  probable  error  of  about  ±  0".03fl.  If  we  confine  ouraelves  to  the  obaer- 
vatloa  of  such  stars,  the  star  of  comparison  of  which  is  neither  too  feeble 
or  too  distant,  the  observations  may  be  made  very  rapidly  without 
fatiguing  the  eye,  so  that  a  considerable  Dumber  of  stars  can  be  compared 
in  one  night.  There  are  several  hundred  pairs  of  stars  in  the  heavens 
available  tor  the  purpose,  and  it  does  not  seem  therefore  at  all  imprac- 
ticable for  several  observers  to  take  up  the  matter  of  settling  npon  a 
direct  determination  of  the  parallax  of  stars  of  the  sixth  magnitude,  in 
which  the  probable  error  would  amount  to  only  about  ±  0".003.  The 
medium  parallax  of  these  stars  is,  according  to  Peters,  0".027,  but  prob- 
ably is  only  one-half  of  this.  Both  magnitudes,  as  also  their  difference, 
are  so  much  above  the  probable  errors  that  it  is  to  be  hoped  that  con- 
jectures on  this  important  point  will,  at  no  distant  time,  be  no  longer 


STONYHtJEST  COLLEGE  (near  Whallet),  England. 

Stonyhurst  College  Observatory. 

Longitude  from  Greenwich,  9"  52",68  W. 
.  Latitude,  63°  oC  40"  N. 
Authority  for  latitude  and  longitude:  Kautieal  Almanao. 
Directors:   A.  Weld,  1838;  .  ' 

Eev.  S.  J.  Peeet,  S.  J.,  V.  B.  S. 
Assistants:  M.  M.  W.  Carlisle; 
"W.  McKeon; 

J.  EOOMST; 
J.  CtJLLEN. 

Location :  Four  miles  W.  of  Whalley,  Lancashire,  Bngland.  Height 
above  sea,  381  feet.    Built  in  1838  in  the  park  of  the  Jesuit  College. 

INSTBCMENTS: 
(d)  Meridian  dreU:  by  Jones,  2  feet  6  inches;  divided  to  5';  micro- 
scopes reading  to  1";  apertnreof  object  glass,3inches;  power  generally 
used,  56. 

(b)  Transit  Instrvment:  aperture  of  object  glass,  2  Inches  |;  power 
generally  nsed,  i2 ;  by  Caet. 

(c)  Equatorial  imtruments:  one  by  Napieb,  Oueet,  Tboughtow  & 
S1MM8;  aperture,  8  inches;  powers  ftom  30  to  600  or  700;  one  by 
J0NE8;  aperture,  1  inches,     (c)  A  CABBE6BAIN  reflector;  aperture  9^ 

■inches;  two,  Newtonian;  aperture,  7  inches. 

(d)  Bpectroscapes :  an  automatic  instmment  by  BEOwmNO^  6  prisms  of 
60^,  each  used  twice,  with  an  half  prism,  making  largest  dispersion  =36 
prisms  of  60°.  A  large  star  spectroscope  by  SiMUS,  4  componnd  prisms 
by  Hoffman.  A  large  direct  vision  spectroscope  by  BBOwmNQ.  Two 
smaller  instruments  by  BBOwniKa. 

(/)  Chronograph:  small  one  by  Beeg-ubt. 
((jr)  Clocks :  two  sidereal,  mercurial  pendolnms. 
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(k)  Chronometer  :Ys,0D8aAM,  So.  3148. 

{%)  MiseeUaneou8 :  A  couple  of  self-recording  meteorological  and  ma^~ 
netical  instnuneots  are  in  constant  use. 

Qbseevations  op  1880: 
Jopitei's  satellites,  lunar  occultations,  daily  examination  of  ctaromo- 
spliere  and  solar  spots,  systematic  searcli  for  ultra-Keptnnian  planet. 

WOKK  FOR  1881: 
Contiunation  of  the  same  observations. 

Principal  public atiohs  in  1880: 
Besiilts  of  Meteorological  and  Magnetical  Observations,  1879. 
Astronomical  results  appear  in  the  monthly  notices  of  B.  A  S. 
Meteorological  results  published  by  the  Board  of  Trade. 


STaAssBDBG,  Germany. 
Stemwarte. 

Longitude  from  Greenwich,  31"  2*.49  B.  i 

Latitude,  48o34'  53".8  K  \(VtheOld  Ohnermtory. . 

Longitude  firom  Greenwich,  SI"  4«.65  E.  \ 

Latitude,  480  34'  W'.l  K.  \  ^-^^^  ^^«'  Ob<^aU>ry. 

Director :  A.  WiNNECKE,  1876. 

About  1770  some  astronomical  instruments  were  placed  above  the 
gate  of  the  hospital.  In  1804  J.  Henby  established  a  small  Observatory 
in  the  Miinster  (Cathedral),  and  observations  were  made  there  iu  1824. 
A  regular  Observatory  was  not  established  by  the  city  until  1836,  and 
then  it  was  placed  under  the  charge  of  Lbquiantb,  but  almost  imme- 
diately abandoned.  In  1873  a  new  Observatory  was  erected  without  the 
town,  in  connection  with,  the  University.  Its  general  plan  is  a  quad- 
rilateral. 


Stdnbt,  New  South  Wales. 
Government  Observatory. 

Longitude  from  Greenwich,  10"  4™  fiO'.O  E. 

Latitude,  33°  51'  41".l  S. 

Directors:  W.  Scott,  1856; 

G.  E.  SmALLBT,  1862; 
H.  C.  EtrssELL,  1870. 

ProxKtaecl  in  1855,  complet«d  in  1858.  Its  first  instruments,  supplied 
fh>m  the  private  Observatory  which  Bbisbaitb  had  established  at  Para- 
matta, were  those  by  means  of  which  Duklap  had  made  his  catalogues 
of  doable  stars  and  of  Southern  Nebulae.  This  establishment  owns  a 
le&actor  with  an  aperture  of  11  inches  [0™.  28).  CiOOQIc 
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Tashkbut,  Svagia. 

{Twrkeata*  Mititar]/  Dufrict.) 

Obsereatoria. 

Longitnde  from  Oreenwich, 1 

Latitade, 1 

JHreotor: 1 


TOKIO,  Japan. 
Ohaarvatory  of  ffie  Dai-QtiiM. 

Longitnde  ttom  GreenTioh, 1 

Latitade, 1 

Director:  ProC  H.  M.  PAUI. 


ToBmo,  Italy. 

Eegio  QaaemaUtrio  dell  University. 
Longitude  'from  Greenwich,  30™  48*.4  m. 
Latttnde,  45©  i'  6"  N. 
3>ireetors:  G.  B.  Becoaria,  1769; 

T.  Valpebgasi  Caldso,  1782j 
A.  M.  Yassali  Eansi,  1806; 
J.  PlakA,  1811; 
A.  DOBNA,  1865, 
Established  in  1759  in  the  top  of  a  tower  at  the  eoraeT  of  Piaxza 
Castello.    The  Academy  of  Sciences  andertook  its  direction  in  1790, 
and  had  a  new  Observatoiy  bnilt  in  the  Palace  of  the  Academy.    In 
1820  the  establishment  was  transferred  to  a  terrace  of  the  Palazzo 
Madama.    Li  1865  the  Observatory  became  an  appendage  of  the  Uni- 
vereity. 


T0DI.0USE,  FroMe. 
(^ervatoire. 
Longitnde  from  Greenwich,  5°  51'.1  B. 
Latitude,  43°  36*  47"  N. 
IHrectora:  F.  P.  A.  Db  GAEinjT,  1775; ' 

A.  Dabquibb  db  Fellepoix,  1782; 
J.  ViDAL,  1791; 

Mabqu*  Viotoe,  1820; 

F.  Petit,  1839; 

F.  TisSsband,  1866; 

B.  Baillaud,  1879. 

In  1748  Dabquibb  began  to  make  observations  at  Tonloose.  The 
Observatoiy  was  established  in  1775  at  the  Lyceum.  A  new  straptnre 
was  built  in  1840  at  the  extremity  of  the  city.         '" ' '    ' '-  ^OOglC 
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TBETAHQBmi^  India. 
T^esawdrum  Observatory. 
Longitnde  from  Greenwich,  ■ 


Latitude, 
JHreetor: 

! 

1 

1  from  Green 
1 

F.  acHAUB 
A.  KUNES, 

Longitude 
Latitude, 
IHrectora: 

Teibstb,  Austria. 
Stemwarte. 
wicli, 1 

,1857; 
1870. 

TtTEm,  Italy. 
See  Torino. 

TDBNEaiDaE  Wells,  EngUmd. 
Croviborsmgk  Beacon  Observatory. 


Longitnde  from  Greenwich, 1 

Latitude, 1 

Director:  ? 


Twickenham,  England. 

Faickenkam  Observatory. 
Longitnde  from  Greenwich,  1"  13M  W. 
Latitude,  51°  27'  4".2  N. 
JHreetor:  1 


TIpbala,  Sweden. 

Observatory  of  the  University. 

Longitnde  from  Greenwich,  1>>  10°>  30*.6  E. 
Latitude,  59°  51'  31".5  N. 
Directors:  A.  Cblbtcs,  1730; 

F.  Maltet,  1767  j 

E.  Pbospebin,  1773  j 


:,.ndty  Google 
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Dr.  Mblakdebhjblm,  1796; 

BkkcsteOm,  ISlOj 

'     K.  H.  Lelakdeb,  1S52; 
•  g.  swanbeeg,  1858; 

Heemah  Sohxjltz,  1864. 
Fonnded  in  1730. 

The  director  has  famished  tlie  followiog  i>artica]ar8  from  his  report 
for  1878-1879: 

The  most  noteworthy  occurrence  during  the  past  year  is  the  setting 
apart,  as  an  independent  establisliment,  of  the  meteorological  Observa- 
tory, This  new  arrangement,  made  practicable  by  a  government  appro- 
priation for  the  current  expenses,  is  as  yet  in  so  far  incomplete  as  in 
abseace  of  an  independent  building  for  met^rological  purposes  the 
institute  occupiea  two  rooms  in  the  astronomic  building.     -    -    - 

The  reqairemeuts  of  the  Observatory  have  been  constantly  increasing 
and  are  now  imperative  as  regards  instruments,  repairs,  and  proper 
arrangements,  if  any  kind  of  activity  is  expected.  The  present  means 
are  quite  insufficient  to  satisty  the  most  urgent  needs  of  the  establish- 
ment. 

The  only  room  of  observation  in  a  satisfactory  condition  is  the  small 
Waclierbarth  cupola,  which  was  repaired  last  summer,  while  the  meri- 
dian room  and  the  large  cupola  require  considerable  repairs  and  im- 
provements.    -    -    - 

The  small  collection  of  instruments  of  this  Observatory,  apart  from 
quite  antique  instruments,  consists  of  the  following: 

One  parallactic  refractor,  made  by  Stbinheil,  9  inches  aperture, 
the  principal  instrument  of  the  Observatory,  the  application  of  which, 
however,  on  account  of  insufficient  moimtiog,  is  impracticable  and  lim- 
ited. It  has  been  employed  mainly  for  observation  of  nebnlse  and  star 
clusters.  A  concise  description  of  this  instrument  was  given  in  the 
"Mikrometrisli  Bestamning  af  104  Stjemer  inom  Teleskopiska  Stjeru- 
grupper  20  Vulpeculic." 

One  small  parallactic  refiractor  of  4  inches  aperture,  made  by  SoiB, 
in  good  (wndition,  and  presented  to  the  Observatory  some  years  ago  by 
Prof.  Waohi^ebabth. 

One  old  universal  instrument  of  45  millimeters  aperture,  by  Befsold, 
the  circles  of  which,  however,  are  useless  for  practical  measurements ; 
it  has  been  employed  for  many  years  for  time  determinations  in  the 
meridian. 

One  universal  instmment  33  millimeters  aperture,  by  MEYEBSTEnf. 

One  small  transit  instrument  54  millimeters  apertore,  by  Stbinhsel, 
the  application  of  which  is  excellent,  but  which,  on  account  of  insutftcient 
mounting,  and  too  small  meridian  aperture  (the  telescope  is  affixed  to 
the  end  of  the  axis  of  rotation),  has  thus  far  not  found  any  proper  appli- 
cation. 

A  small  reflex  circle  by  PisrOB,  in  satisfactory  condition. 

Four  portable  telescopes. 

One  old  pendulum  clock,  by  Obaham,  reconstructed  by  Kessels, 
about  forty  years  ago. 

Two  old  box  chronometers,  by  Kessels. 

One  portable  barometer,  by  PiSTOB. 

The  only  instrument  purchased  during  the  past  year  is  an  inexpensive 
pendulum  clock  for  experiments  with  dectrical  apparatus,  though  order 
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was  given  for  a  regUteriog  apparatas  for  transit  abeervatLon,  and  for 
tliree  eleotricai  clock  attachments,  to  be  employed  Ih  the  small  isolated 
pavilion. 

la  the  total  absence  of  an  iiiBtrament  for  meaauriiig  zenith  diatances, 
preliminary  communication  haa  been  held  with  the  celebrated  firm  of 
itEPSOLD  S5HXE,  in  Hamburg,  for  the  preparation  of  a  medium  sized 
vertical  circle.  Further  projects  for  the  equipment  of  the  Observatoiy 
have  to  be  delayed  for  the  present. 

The  Wacebbba&th  reflector  and  the  Ebpsou>  universal  instruments 
have  undergone  repairs,  and  results  in  the  improvement  of  the  latter 
for  transit  observation.  The  Steinheil  transit  instrument  is  at  present 
in  the  hands  of  Mr.  Bose,  maker  to  the  University,  for  repair,  having  in 
view  its  apphcation  in  the  vertical  of  the  Pole  star. 

The  library  of  the  Observatory  originated  by  private  donations,  has 
received  its  principal  increase  in  voluntary  contribiitions  by  scientists 
and  institutions  abroad.  It  consists  of  four  distinct  groups :  the  HjOB- 
lEB  and  Mallet  donation,  the  Uolleotio  Becentior  and  the  Svauberg 
collections.  The  catalogue  shows  for  these  four  the  following  figures, 
respectively:  1150,  880, 360,  and  1200,  of  which,  however,  many,  such  as. 
joomals,  annuals,  ephemerides,  &c.,  consist  of  a  large  number  of  vol- 
tfmes.  On  occasion  of  the  emancipation  of  tlie  meteorology,  the  works 
relating  to  this  branch  were  set  apartfor  that  institute.  The  increase 
during  the  past  year  amounted  to  90  contributions,  of  which  70  came  from 
abroad ;  sixty  books  were  bound. 

In  consequence  of  the  circumstances  referred  to,  little  scientific  work 
has  been  done  during  the  past  year.  The  director  has  continued  his  obser- 
vations on  nebulie,  while  the  assistant  made  time  determinations.  The 
director'stinie  has  been  largely  consumed  in  perfecting  arrangements  for 
instruction.  Very  desirable  text-books  have  been  published  at  govern- 
ment expense,  and  preparations  made  to  f^ilitate  astronomical  instruc- 
tion for  the  students,  among  which  is  the  establishment  of  a  work-room, 
in  which  opportunity  is  given  to  the  student  to  acquaint  themselves 
between  the  observations  with  recent  astronomical  literature  and  jour- 
nals. 

Eight  students  have  practiced  during  the  year,  and  many  have  at- 
tended the  astronomical  lectures. 


Utbeoht,  SoUand. 

Oba^Tatorium. 

Longitude  from  Greenwich,  20"  31'.7  E. 
Latitude,  52°  6'  10".5  N. 
Directors:  J.  F.  Hbuheet,  1767; 

G.  Mall,  1812  J 

B.  TAN  Bees,  1836; 

Af.  HOEE,  1860; 

J.  A.  G.  OuDEMAnB,  1874. 
Pounded  in  1767.    Bemodeled  in  1864.    This  Observatory  possesses 
!ui  altazimuth. 
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Valencia,  Ireland. 
Obienatory  of  the  London  Meteorological  O^ee. 

Longitude  from  Greeuwieh T 

Ijfttitade ! 

Director: 1 


Yarbhava  Biana. 

AstronomuAeakaia  Obaervatoria, 
Longitade  from  Greenwicli,  V  24"  7".4  E. 
Latitude,  52°  13'  fi".7  N. 

JHreetora: Abminsd,  1830; 

J.  D.  Babanovaki,  1848; 
J.  Wabtokokp,  1877. 
In  1764  BosTAN  made  obMvrations  at  the  Oastle.  From  1765  to  1708 
N.  Wolf  made  observations  at  the  Blue  Palace  on  the  Mnlczek.  The 
Ubserratoiy  vaa  not  established  permanently  nntil  1820,  and  the  ex- 
penses of  constmotion  were  met  by  Stbabzib,  president  of  the  Univer- 
sity. It  contains  a  hall  for  meridian  instruments,  and  two  towers  with 
oapolas. 


Vehiob,  Jtatf. 
Observatory  of  the  yaval  Itatitute. 
Longitude  from  Greenwich,  49"  2fl'.4  E. 
Latitude,  45°  25'  49".B  N. 
Directors:  B.  VON  Wullebbtoef-Ubbaie,  1840; 

E.  MnXOBBVICH,  1874. 
Estabhshed  aboat  1840. 


ViEifNA,  Austria. 
See  Wtm. 


TiLNA,  Russia. 
Astronomioheskaia  Obaervatoria, 
Longitude  from  Greenwich,  l*"  41"  11*.9  E. 
Latitude,  54P  41-  IT. 

Authority  for  latitude  and  longitude:  Slavinssi;  "Astronomist^e 
^achrichten,"  vol.  v,  and  viii. 
Directors :  M.  O.  Poozobttt,  1764; 

J.  B.  VON  Shiadeckl  1808: 
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P.  Slatinski,  1824; 
M.  Elousobkbtixch,  1841; 
O.  A.  T0»  Fvss,  1818; 
O.  Sables,  1854; 
GoloDel  Petek  Htbloff,  1867. 
A$»iatant:  Fried.  Wilhelm  Bebq. 

It  seems  that  this  Obsemttory  had  already  existed  for  some  time, 
vrhea  in  1764  PoczoBtiT  restored  it  and  replaced  its  instnuneitts.    Its 
labors,  suspended  daring  the  Bevolution,  were  not  resamed  ontil  1802. 
Instbuments: 

(b)  Meridian  transit  instrument:  maker,  RUCSDEIT,  in  1777;  apertore, 
4  inches ;  magnifying  power,  40  diameters. 

(c)  ^quatorialingtrument:  maker,  Bamsden,  in  1777 ;  npertore  of  ob- 
jective, 4  inches;  magnifying  powers  of  eye-pieces,  40  and  60. 

{d)  ^eetroseope:  direct  vision,  maker,  3.  Mebz,  at  Munich. 

(e)  Photometer:  made  by  thb  late  Prof.  L.  Schwebd^  at  Speyer.  Of 
tiie  three  made  by  him  one  is  in  Bonn,  and  the  other  in  Pnlkowa. 

(/)  Chronograph:  maker,  Ansfeld,  at  Gotha. 

(jr)  ClocJa:  one,  mean  time,maker,SHELTON,(London);  onesido^al, 
maker,  Hahdy,  (London,  1819). 

(ft)  Chronometer:  one,  mean  time,  maker,  Dent,  No.  2796;  one, 
sidereal,  maker,  Dent,  Ko.  2000. 

(f)  A  Heliostat,  by  8.  Mebz.  Various  ancient  astronomical  Instru- 
ments, and  modem  meteorological  instruments.  The  library  of  the 
Observatory  contains  1,966  works,  in  1,181  volumes. 

Obsebtatioks: 
From  1869  to  1876,  photoheliographical  observations,  in  the  same 
manner  as  at  Eew,  near  London.  In  the  year  1876,  the  heliograph,  by 
Daluigteb,  London,  was  destroyed  by  fire.  Meteorological  observa- 
tions are  made  fonr  times  a  day :  at  7"  A.  m.,  !>■  p.  u.,  9**  P.  H.,  and  !'■  49" 
F.  H.  (=?'■  mean  Washington  time,  A.  H). 


Wabsaw,  Russia. 
Bee  Varshava. 


Wellinqtok,  New  ZetUand, 

Qovernment  (Aaervatory. 

Longitude  fifom  Greeawioh, « 

Latitude, ! 

Direatori  ——  t    ■  ^ 
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Whalley,  fSnglamd. 

See  Stowykurat. 


Wren,  near,  (WIheing,)  Amtria. 
K.  K.  Univarsitata  Stemwarte, 
Longitnde  from  Greenwich,  l""  5"  21».49  E. 
Latitude,  48°  13'  56".4  N. 
Directors :  M.  Kbll,  1756; 

P.  voir  P.  Feibsneokeb,  1792j 
J.  S.BtJBG,  1817; 
J.  J.  VON  LiTTHOW,  1819; 
K.  L.  VON  LiTTBOW,  1841; 
Prof.  Dr.  Edmund  Wpiss. 
.  Assistants:  1.  Johann  PausA. 

2,  Dr.  JoHAN»  HoLBisomiE. 
Aids:  1.  KabI/Zelbb; 

2.  Dr.  J.  V.  Hbppebgeb. 
The  flrat  observations  made  in  Vienna  were  undertaken  in  1746  by 
the  Jesuits,  J.  Fkanqois  and  J.  LrBBQANO.    A  permanent  Observatory 
was  founded  in  1756.    It  was  rebuilt  from  1820  to  1826,  and  located 
among  the  University  buildings.    la  1874  a  new  establishment  on  a 
greatly  enlarged  Bcale  was  erected  at  Wiihring,  outside  the  town,  and 
completed  in  1879.    An  equatorial  of  Gbttbb's,  with  a  focus  of  32  feet 
(9'».7)  and  an  aperture  of  27  inches  (0^.70)  is  to  occupy  the  great  dome. 
Instbumentb: 
(a)  Meridian  drcle:  made  by  Cheistian  Stabke,  at  Vienna,  {a&er 
the  example  of  the  meridian  circles  of  Ebiohenbach)  ;  diameter  of  cii^ 
cles,  36  inches ;  divided  to  3' ;  read  by  four  microscopes  to  single  seconds; 
aperture  of  objective,  48  inches ;  magni^dug  power  ordinarily  employed 
120  diameters. 

(&')  Frime  vertical!  maker,  Ghbistian  Stabee;  aperture,  50  inches; 
magnifying  power,  120  diameters. 

(c)  Equatorial  instrum^its :  one,  made  by  Alvan  Clabe  &  Sons; 
aperture  of  objective,  11|  inches;  magnifying  powers  of  eye-pieces,  up 
to  1200.  ((/)  One,  made  by  Fbaxjenhopbb;  aperture  of  objective,  6 
inches;  magnifying  powers,  up  to  600. 

(d)  Spectroscopes:  one  small  star  spectroscope;  one  Zoellheb's solar 
spectroscope. 

(g)  docks :  two  mean  time ;  makers,  TJlzsohnbidee,  at  Munich ;  Vo- 
batteb,  at  Vienna;  several  sidereal;  makers,  Molynbus  (London); 
AuCH  (Gk>tba);  Obabau  (London);  and  a  few,  more  or  less  accurate. 

(h)  Ckronometera :  mean  time;  maker,  Abnold;  sidereal,  makers, 

KESaBLS,  MOLTNEUS. 

(i)  Miscellimeoua :  An  equatorial  with  adaptation  for  various  latitudes, 
the  6-mch  objective  by  Hteinheil,  the  moonting  by  SohXfflbb.    Two 
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refractors  of  4-inch  aperture;  one  of  them  not  equatorially  mounted. 
One  equatorial  of  3-ineh  aperture,  adapted  for  varions  latitudes,  object- 
ives, by  Frauenhofer.  One  eqaatorial  of  3-inch  apertnre,  by  DoL- 
LOND.  One  dialitic  eqnatorial  of  Plosskl,  of  6  inches.  One  comet- 
seeker,  of  6-inch  aperture,  and  4  feet  focal  length,  by  Mebz;  mounted 
equatorially  on  the  principle  of  Tillareau,  by  Schneider.  One 
comet-seeker  of  3-inch  aperture  by  Plossel;  oueof  2J  inches,  by  Stein- 
HEiL.  Besides  these,  various  smaller  portable  transit  instruments,  the- 
odolites, sextants,  &c. 

Obseetations  during  the  past  ■year  (1880 — June,  1881): 

(a)  Adapting  instrument  to  the  new  Observatory ;  not  regularly  in 
nse.    Mostly  used  for  determination  of  clock  error,  &c. 

{b')  The  same  remarks  applicable. 

(o)  (c')  Observations  made  of  asteroids  and  comets. 

WOEK  PROPOSED  FOE  THE  OOMIHG  YEAR  {1881-1882): 

Continuation  of  observations  of  asteroids  and  comets,  with  the  two 
equatorials:  Zone  observations  (re-observations  of  stars  observed  by 
Santini,  between  deol.  0°  and  10°)  with  the  meridian  circle.  If  the 
large  equatorial  of  2?  inches  by  H.  Geubb,  at  Dublin,  can  be  mounted 
in  due  time,  observations  with  it  will  be  commenced  at  once;  but  the 
plan  of  operation  is  not  yet  settled. 

Prinoipai.  pttblioatiomb  during-  THE  year  (1880)  r 

E.  Wbiss;  "Annalen  der  K.  K.  Stemwarte  in  Wien,"  iii  Folge,  Bd. 
29,  Vienna,  1881;  1  vol.,  226  pp. 

B.  Weiss;  "tJeber  die  Bahn  der  Kometen  1843  (I),  and  1880  (6)." 
Akad.  d.  Wiss.  in  Wim,  1880;  1  vol.,  20  pp. 

E.  Weiss,  "TJeber  Bereohnung  der  Differenfcialqnotientdu  in  stark 
excentrischen  Bahnen."    Akad.  A.  Wise,  in  Wten,  1881;  1  vol.,  11  pp. 

J.  Hoi^TSOHEK;   "Bahnbestimmung  desPlaneten  Peitho.".    Akeul. 
d.  Wiss.  in  Wim,  1881;  1  vol.,  IB  pp. 
Additional  inforua.iioh: 

The  principal  instrument  of  the  Observatory  will  be  an  equatorial  of 
27-iuch  object-glass,  and  about  32  fept  focal  length,  manufactured  by 
Howard  Orubb  at  Dublin;  but  it  is  not  yet  out  of  the  contractor's 
hands.  The  first  Assistant,  Mr.  J,  Palisa,  re-discovered  Juewa  (139), 
Febmttty  23, 1881;  and  discovered  asteroid  (220)  May  18, 1881. 


WlBH,  {Joa^hstadt,)  Austria. 
Observatory  of  the  Sigh  School  of  Teehnoloffjr, 
Longitude  from  Greenwich,  l"*  6"  25'.3  B. 
Latitude,  48°  12'  63".8  IS. 
Directors :  J.  Herr,  1865; 

W.  Sinter,  1870. 
Bounded  in  1865  at  the  sonthwestun  extremity  of  the  city:  com- 
pleted in  1867.  "J '  :■:, Google 
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WiLHBLMSHATEN,  Qervumy. 
KaiterMches  Marine  Observatorium. 

Longitude  from  Greenwich,  32"  35*.21  E. 

Latitude,  63°  31'  52"^  K. 

Authority  for  longitude:  Astronomische  Arbeiteu  des  kgL  preuss. 
geodatiBches  Institnts  fiir  1878.  Latitude,  own  observatioDB  of  zenith- 
stare  with  meridian  circle. 

JHrector :  C.  Bobgen,  Dr.  pMl.,  1876; 

AsHatants:  P.  Akdbtes,  J>r.  j>M.; 

Lieutenant  zur  See,  Habtuaitn. 

Foonded  in  1876;  completed  In  1878. 

iNSTBTBfEKTS: 

(a)  Meridia/n  (nrcU:  one;  makere,  A.  Bepsold  Sohne,  in  Hamburg; 
diameter  of  circle?,  21,6  inches,  divided  to  2';  read  by  4  microscopes, 
each  to  0".l;  aperture  of  objective,  4J  inehes;  magnifying  power  ordi- 
narily employed,  125  diameters. 

(&)  Meridian  traiisit  instruments!  one  portable, by  C.  Bambebo,  Ber- 
lin ;  aperture,  1}  inches, 

(o)  Egm,Uirial  instrur^ents:  one,  by  Stbihhbil  S<5hne,  in  Munich; 
aperture  of  objective,  4  inches;  magnifying  powers  of  eye-pieces,  48  to 
360;  rin:g-micrometer.  {&)  One,  8±EINHEIL  Bohne;  2^  inches  aper- 
ture; magnifying  power;  24  to  150. 

{/)  Chronograph:  one,  by  Ftjess,  Berlin. 

{g)  Clocks:  meantime;  one,by EppSEB,Berlin;  sidereal;  one, by 7. 
Tiede,  Berlin  (standard  clock). 

(i)  Miscellaneovx  s  A  complete  set  of  Lauont's  instruments  for  ob- 
serving the  variations  of  the  magnetieal  declination,  horizontal  force, 
and  inclination. 

Lamoht's  magnetieal  theodolite;  dip-circle  by  Dotbe;  self-register- 
ing barometer  and  anemometer  (BOBINSON);  meteorological  instru- 
ments; self-registering  tide-gauge;  time-ball.  Since  September,  1880, 
a  self-registering  tide-gauge,  devised  by  Mr.  Bbitz,  of  Hamburg,  baa 
been  erected  in  Heligoland  and  placed  under  the  control  of  this  Observ- 
atory. 

OBSBEVATIONa  DUBING  THE  PAST  TEAB  (1880): 

(a)  Observations  for  time  and  determination  of  places  of  the  ocoolta- 
tion-stars  of  the  Kautical  Almanac. 

(&)  Only  used  fbr  practical  instmction. 

(0)  {&)  Comet  Swift  (1880  c).    Occultations  of  stars. 

(i)  Meteorological  observations  (three  times  a  day,  usual  weather  re- 
cording and  registering  of  barometer  and  anemometer,  read  hourly), 
magnetieal  observations;  every  second  hour  from  8  a,  m.  to  10  p.  m. 
readings  of  the  variation  instruments,  and  every  month  one  or  two  ab- 
solute determinations  of  magnetic  elements.  Tide  registerings  here  &nd 
in  Heligoland,  .  , 
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WOBE  PROPOSED  FOB  THE  GOUCfO  TEAB  (1881): 

Same  as  1880. 

PEmOIPAL  PUBLIOATIOKS  OP  THE  ObSBBTATOET  DUBINQ  THE 
TEAB  1880: 

1.  "MeteorologiBche  Beobachtungen,"  pablistied  in  the  "Aunalen  der 
Hydrographie,"  voL  viiL 

"Gezeiten  Tafeln  fiir  1881,"  published  by  the  HydrograpMc  Office  of 
the  Admiralty. 

3.  Br.  BObqen:  "Gezeitensti&maogen  im  Canal  nnd  der  Nordsee," 
published  in  the  "Annaleu  der  Hydrographie,"  vol.  viii. 

4.  Dr.  BiSBOEK:  "XTeber  die  tagliehe  Ungleichheit  in  dea  Gezeiten," 
published  in  the  "Annalen  der  Hydrographie,"  vol.  viii. 

5.  Dr.  BOaaEK:  "Chronometer  Unteranchungen,  1878-1880,"  pab- 
lished  in  the  "Annalen  der  Hydrographie,"  vol.  viii. 

-  6.  Dr.  Andbies:  "ITrsftche  des  niedrigen  LuftdruckH  anf  der  Siid- 
hemisphare,"  published  in  the  "Zeitschrift  fiir  Meteorologie,"  vol  xv, 
p.  53. 

Additional  inpobiiation: 
A  time-ball  falls  twice  daily,  in  local  and  in  Greenwich  noon.     Be- 
sides, the  nautical  school  at  Elsfleth  receives  twice  a  week  telegraphic 
time-signals. 

The  "Gezeiten  Tafeln"  are  computed  at  the  Observatory  and  extend 
now  to  7  German.  6  British,  and  2  French  ports.  Ttie  second  part,  con* 
taining  information  about  currents,  &0.,  is  worked  out  at  the  Hydro- 
graphic  Office  of  the  Admiralty,  which  pnblishes  the  whole.    • 


WlLLiAMSTOWN,  Tictoria. 
Observatory.    (See  MeUxmme.) 
Longitude  from  Greenwich,  S"-  39»  38".8  E. 
Latitade,  37"  52*  7".2  S. 
JHreetor: ? 


WHMA^  Baaaia. 
See  Yihia. 


WiNDSOB,  i^ew  South  Watet.  ■ 
Frioate  Obgervator}/. 
Longitude  from  Greenwich,  10^  3"  21».7  B. 
Latitude,  33°  3&  28".9  8. 

Director:  JohmTebbuxt  ,-  , 

S.  Mis.  31 47  n„:,.-.d.vC00glc 
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Z1-EA.-WEI,  China. 
Observatory, 

Longitude  for  Greenwich, 1 

Latitude, 1 


ZIJbioh,  Switzerland. 
Stemwarte  dea  schtceiieriaohm  Polytechniktms. 

Longitude  from  Greeifwioli,  34*°  12'.6  E. 

Latitnde,  47°  22'  40"  N. 

Aathority  for  latitude  and  longitude:  Aatroaomische  Mittheilnugm 
von  Dr.  Budolf  Wolf. 

Direotora:  J.  H.  Wasee,  1773} 
J.  Peer,  1787; 
J.  EscEUAim,  1S23; 
Bttdolf  Wolf,  1860; 

Ataitbmt:  Alfred  Wolfer. 

Founded  in  1773  apon  the  Carolns  Thnrm  (Charles'  Tower),  thiough 
the  efforts  of  the  Ziiiich  Society  of  NatnraUste.  Abandoned  from  179S 
to  1805.  In  1810  a  new  Observatory  was  ereet«d  east  of  the  Oaroloa 
Thnrm;  this  was  abandoned  in  1852.  Finally  in  1860  the  Observatory 
was  rebuilt  at  the  Folytechnikum,  where  it  was  inaugurated  in  1863. 
INBTRUMENIS: 

(a)  Meridian  oiroUa :  two ;  makers,  EJEEN,  in  Aarau,  Ebtel,  in  Monich ; 
diameter  of  circles,  20  inches ;  divided  to  2' ;  rtad  by  2  microscopes  to 
0.1" ;  apertore  of  objective,  5.3  inches ;  magoil^ing  power  oidlnarily 
employed,  120.80. 

(0)  Eguatorial  intti^aments :  makers,  Eebn,  in  Aaran;  aperture  of 
objective,  einches;  magnifying  power  of  eye-piecee,  60  to 500.  (&)  Mbrz, 
in  Munich,  3^  inches ;  64  to  212.. 

(d)  Spectroscope :  one  by  Mebz,  in  Munich. 

(/]  Chronographs:  four  by  Hipp,  in  N'euchat«l,aud  Hassles,  in  Aaran. 

(g)  Cioeks :  mean  time ;  makers,  Association  ouvxi^  au  Lode ;  sidereal ; 
maker,  SiLTAiN  Mairet  an  Locle.  Also  several  pendolmn  clocks,  among 
which  one  by  I^PSOLD. 

(A)  Chronometer :  sidereal ;  seconds  chronometer;  maker,  BUZEN- 
OEIGER. 

(t)  Miseellaneoua :  Several  astronomical  tjieodolites,  meteorosoopes, 
panagenprisme,  &o. ;  also  historical  collection  of  antique  Instraments. 
Obbertations  DURma  ihb  past  year  (1880): 
(a)  Time  determinations ;  refraction,  &e.;  moonstara 

(e)  {&)  Sunspots ;  planets,  &c. 

(*)  Shooting  stars.  u,j  „;h,L.OOqIc 
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WOBE  PBOFOSBD  FOB  THE  OOMTNO  TBAB  (1881): 

Oontinaatioa  of  former  series. 

PeINCIPAI  PCBLIOATIONS  op  the  ObSEBVATOBT  DnBING  THB 

TBAE  (1880) : 
B.  Wolf,  AstronomiBche  MittheilangeQ,  pablished  in  "Yierte^ahrs- 
schiift  der  I^atarforscheiideii  Gesellscbaft  in  Zttrich." 
Abditiohai.  infobmation: 
Tbe  Observatoiy  of  tbe  PolytechDikum  is  mainly  nsed  for  tlie  prac- 
tical training  of  tlie  etudeuts.    The  scieotifie  results  are  volontaiy 
contribatioDS  by  the  director  and  assistant. 
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Alaska  Commercial  Company,  relation  of  Instltntlon  to... .  64 
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Observatories,  reports  of 624 

Amherst,  Mass.,  College  Observatory,  report  of 625 
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Ecoaomjof  the  fisheiieB,  inTeBtigatiena  of  the 78 

Edgecomb,  D.  W,,  director  of  Newington,  Conn.,  private  Observatory 651 

EdinbnTgh,  Scotland,  Bojal  ObBeiratory,  report  of.... 696 

Editor  of  pnblioatione 9 

EdmnndB,E.  H.,  fecial  agent  of  fiaberisB 79 

Edwards,  Vinal  N.,  collector  of  Fiali  Commiaaion 143 

Bpeoimens  by . .. , 55 

Electrical  apparatus  in  Mnseum,  appropriation  for ...... 163 

Elevator  in  Smithsonian  building . .. 7 

Elizabeth,  N.  J.,  private  observatory,  report  of. 636 

Ellery,  B.  L.  J.,  direotor,  Melhoame,  Victoria,  Observatoiy. 709 

Elliot,  Daniel  Girard,  memoir  on  Trochilidae 32 

list  of  hiunming  birds ............-____....  32 

Elsfleth,  Germany,  Observatorinm  der  Navigations  Schnle,  report  of 690 

Embryology,  attention  paid  to 146 

Emerson,  Charles  F.,  director  Shattnok  Observatory,  Hanover,  N.  H .... ....  640 
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European  flehes  in  Uneenm,  list  of .^. •  41 

Europe,  collections  flnm,  to  Hnseom 50 
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